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[NTROIlUCTION . tom -

In popular us éje the word. symmeffry often carries the implica-,
tion.that a_thing is pleasanflyﬁroporr‘loned or well-balanced.
To rr‘layAymmetry implies a.type of beauty and perfection,
In _précise usage, a’symmetric pattern is one which remains |
~unchanged under a certain rigid motion. One*can intuitively
notlce symmetry in many tﬁll—ngs sﬁch as: ,-7' J -
butterflids - - ,
leaves” ' S \ :
tile floorss 2T . - ‘ .
stanzas of poetry v .o .
snowflakes ta
the arrangenterit of secds & sunflower”
. melodies e . .
* ~rhythms® - ' o
‘the weaving in straw baskats | “
*slices of c1trus\£ru1ts w > ,
mathematical prmuples ) o - .

tow
4

Certain types of symmetry can{bengiv‘én' precisegeometric -
descriptions. Three of these types are emphaswed in this
unit: “(1) rotational or turning,/(2) translational and repeti-
tive, (3) bilateral or symietrie about a line. A detailed.dis-
It will be
found that symmetrxc pat*terns are; unchanged by certam .

. e > P ,“
M . N

You necd not feel that a Cohplete mastery of the introductory
haterfal is négessary before you start to teach the unit. Each

1dea ys/g‘emonst atdd and developed. as the lessons progress.

"This mtroductxon shqQuld be regarded as a soqurce of mformatlon'&'

to' which to refer, for mformat;gn during the various studies. .

.-
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- Why Have Symmetry Uhits in the Primary Grades? ' s

Both the intuitive ideas of symmetry and the precisely defined
mathematical ideas of symmetry ware considered in the foliow—-

ing reasons for having small chlldren “study symmetry. K “

. l. The act1v1t1es prov de practlce in ab,stractJ.ng concepts’,
' e.g., seeing that several c}xfferent patterns have the same oo
type of symmetry . v . N o

2. The concepts discussed will be used in later topics such
as geometry, measurement, wave motion, and classifica-
tion of biological organisms. Symmetr'y is a tool’ in under- 7/

“~

‘ 7 - standing the Yniverse, o .
oy T \ . AN
’ 3. The principles symmetry are often applied in art, poetry, ’
. and music. Awareness of these principles heightens appre-— ’
. . ciation of the arts.\ ( - "

a
e

4, The activities prov1de perceptual training for readmg readi-
ness, For example, the tracing of, patterns aids perception
through*muscular activities, Practice is given in moving

" from ]eft to right. . L .
-~ - . N L]
* 5. The children enjoy the activities’ and the awareness of sym-
' metry that they develop. Many natural. and man-made .
shapes 'in theé ch11drcm S environment have somge type of '
symmetry that they cin recognize,

. . & .

. Ebjectiv'es .
On completion of the unit the child should:

. Recognize symmetry in nature, music, poetfy, and art.

e o - i
' * « 2. Recognize turning symmetry (rotational symmetry) , repeat-
. - ing patterns \(translatxonal symmetry) and symmetry about a
: line (bilateral symmetry) -
./ r

Y
3. Be able to make the ancessary tests and comparlsons for
- the three types of symmetry studied. . -

N e

.
' 1
. LI 5

t'j
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. Rotational Symmetry -or Turning Symmetry

Consider the letter S. Think of it as a shape that'can be
moved and which leaves its image behind. Canthe S be
moved in a definite way so that after it has been moved it will
coincide with its original image?

l. Sl;np"li/ picking the S-shape up and laying it back down is,
L&~ . one such operation. This is tI‘lV{al because it can be dong

1\ o , for-any movable object. \ -
e.

B : \ v ' 2. Turning the S-shape a full turn, i.e.\, through 3600,‘is
' : c 0 nother move that will leave the shape in coincidence
.. w1th\11:s original image. This, is glso triylal because it
e .~ can be one for any shape. ;

. » X : i BN
‘ 3. Turmng the S -shape through one half of a full turn, i. e.,
_ . _through 180°, will also cauSe the S to coincide w1th its
o T . ' T orlgmal shape. . ) . o

L . ’ v Figure |
' ® o = DL - R

T This third opcratlon shows that the S -3hape is symmetrlc with
- . ] respect to rotation about an axis perpendlcular to the shape

) ’ ) at the ccnter. The shape is said to have rotational symmetry

- - or turmng symmetry. Note thatif the S is flipped over to the

S position 8 it cannot be put into coincidence with its original

“shape. LR ,




Another example of a shape that possesses rotational symmetry
is a triangular block with equal sides. Tje block outlines in
Figure 2_may help in visualizing the rotations that leave the
block in coincidence with its original image. The rotations
are one-third of a full turn, two-thirds _of a full turn, and the.
- tr1v1al ones of no turn and of a full turn; rotations of 0°, I20°,
“ - -+ 240° and 360° leave the pattern of the block unchanged. R

Y gl

S lond

L

m : Figure 2

Note that in considering rb‘ta’t'ional’symmetry of a pattern, only
rotations about an axis through the center of the pattern are
o : considered.

A

P

Flgure 3 ’ - . ’
The pattcrn is' not fhpped or turned about an axis across the . .
pattern.

I~

. FPigure 4
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EXAMPLES OF ROTATIONAL SYMM}Z:TRY ' - oo
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A rotation throﬁgh any a'mou“nt less than a full turn that yields

coincidence with the original position is a test, for the pres-

ence in a patterm of rotational symmetry or turning symmetry,

Further examples of s1mp1e patterns exhibiting rotational sym-
_metry are stars, squares, ovals, and circles.

A three-dimerrs'iénal,object can't be tested for rotational sym-
. . metry exactly as done above, because a solid object won't co-
» incide with a surface pattern. However a variation of the test
o ” ' can easily be madé. The solid object can be turned and com=
pared to an exact copy of itself. If, after the object has been .
turned an amount less thaa 3609, the object and its copy cannot
. i \ . be distinguished, the object has rotational symmetry. Figure §
: . {’fshows a pyramid and a plate, ®ach with exact rotational sym- |

metry., and two starfish showing approxmate rotational symmetry.
r .

‘ A sllghtly different pomt of. view is to conslder a rotatxonally -

. ) ) symmetric pattern.as one that can be generated by yotating an |
’ ) -element of the pattern. For example the shape can be - ‘
generated by rotatmg the shape O mto three pos1t1ons |

.o \‘ A AT S
. . o /{pjeatmg Patterns and Transratlonal Symmetl . R . .

|
Suppose a sten011 is usqd to make the repeat1ng pattern in the . oo
strip design shown in Flgure . “ R l

P S K74 p/ o/ |o/ |o/ o/ | o/| o/ | o/ | o/ | o/ | o/ | oy e/ 2

1}

. Fig ure 6- .

. \
The dotted iines in the f1gure show that the pattern could be
continued 1ndef1mtely If the pattern is imagined as being~ — .
infinitely long, it can be pxcked up, moved through a certain ...
distance, and laid down again to cover the entire original pat—

E—— %ternu_lllhe_pattern wopld then look exactly as it did before it

. : was moved, This is pos5151'"é'beéan§e~an-mf1mte~pattern has
A ' no begmnmg and no, end, but extends infinitely in either direc-

L — ) ‘ tion. A mathematician might say that a translation carries the

Vo _____pattern into itself. Because of this, the pattern is saxd to

possess translatlonal symmetry .

{ » . - : ?

\\ i .

~\ b
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EXAMPLES OF REPEATED PATTERNS
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Repeating pat'terns are easy to find. For example, they are
. Seen in wallpaper ‘brick walls, and strings of beads. These
_patterns repeat only a finite number of times, but they may be
thought of as "potentially infinite." This means that the pat- .
“tern can be imagined to extend indefinitely in bsth d1rectxons,
Thus the term. "translational symmetry" is-sometimes used in_
talking about repeating patterns which are finite but can be -
¢ imagined to extend infinitely. ’ '

.
»

A pattern is a repeat1ng pattern it some part of the pattern
(1) can be moved a defmlte distance along a line to cover an
idéntical part of the same pattern and (2)\W1th a succession of
““such moves will cover the entire pattern As in rotational sym-
metry, comparisons are made after some part of the pattern is
) moved’ This time a part of the pattern is oved in equal- sxzedm-.’—
[ o Jumps and compared to other parts of the same pattern to deter#
I line coincidence. The part of the pattern that is repeated can.
be called a "block," a "cell;" or an "element "

-
"

-
.\

In testxng the strmg of beads shown below :ior a repeating, pat—

T © tern, the block to be compared could be [:] C-
g OQIOODOODOOIOQDOOD
. . .. The block to be compared could also be chosen as O0.00[:]
! This would again cover the pattern when repeatedly moved in
/ - steps along the string. If the beads are fgrmed mto a circle, a
~ ' - they will show a rotationally symmeétric pattern. if actual :

‘ beads were used, instead of a drawing of beads, the compari-
son block of béads would of course'not.be laid on top of anoth- ..
er block. It would, be placed beside a correspondlng block for
the comparison.

. ! ’ -
i . M .

“

There are many (imperfect) repeating patterns'to be observed in N
\ ) nature. Two examples are bamboo stems and caterpillars.
- ' o Often only.a portion- of the obJect shows the repeating. pattern,

» « as in the caterpillar where the middle segments are approxi-
mately of equal size and-.sHape'but the two ends are not. (See -
. Figure 7.) . - . . _‘ ; g

. B The activities 1n .thig unit W111 extend the concept -of repeatrng
o, patterns to pOetry and music. Repeatlng sound 'patterns are.
. ' common in both poetry and music. R :

- N - - -
. A o . . M b

£a
1




—

" 7 Bilateral Symmetry or Symmetry about é“L‘iFé“érf‘Pl’éh?aﬂ' o
Consider the 1etter A" inFigure 8. Any line drawn perpendlcu—
© . lar to the dotted’ line.in the flgure cuts the pattern in pa1rs of

. F1gure8 o . - :

' a points that are equidistant from the aétfed line.. For example;
) . #«he points a and~b in Figure 9 are at equal dxstances from
B the dotted line.. | . .

kS

Fig ure 9 '

:{
. v

. The Lettex: A is saidto cxhxbxt symmetry about a lme or bilat-
) eral syn}u’hetry. The dotted lme is called the hne of symmetry -t
- . or the ams of symmetry. . . . s .

y N r . i , : ) i - .~ .
. Any pattcrn through which a line can.be drawn such that every
line perpendicular to this line cuts the pattern into pairs of
points equxdtsfant from the lme is said to eXhlblt symmetry

about a_line or bllateral symmetry., -

&L A - .
5o, - -
A 4 - v . o - “e - R
P 1 . . 9

- Y
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A s1mpler but less exact statement of thrs 1dea is that for every
point on one side of the line of symmetry there is a gorrespond-
ing pqint on the. cther side, The paired points must be at equal -
distances from the line of symmetry Figure 10 shows some al-
most exactly bxlaterally symmetric patterns that occur in nature.
There are tesfs one can use to determine whether or not a pat-
tern possesses bilateral- symmetry. Two of tnese tests are -
descrrbed below, . ; 7

"

If a mirror is placed in a vertical position along the dotted line . !
in Figure 8, the pattern viewed (half of A and its image in the ° .
m1rror) coxncxdes precisely with the original letter A. The Inir-. '
ror test consists of hélding a mirror on the axis of symmetry to

_show that the pattern can be divided jnto-two parts identical in

"size, one part being the mirror image of the other.. In any bilat--
-~ erally symmetric pattern, ‘one half of the pattern is the mirfror
image of the other half. This is the reason that bilateral sym-
metry is also referred to as mirror symmetry, It is 1nterest1ng

tc test some non-symmetric - patterns With-a mxrror.

l31laterally symmetrlq patterns may also be folded along the axis..
of symmetry %o test for the coxncrdence of the two halves of the
pattern. Thxs gwesranother test, the f oldxng test, for bxlateral
symmetry. _\\'\*‘j\\ , .

e
.~.._~\ .
s, R

There are some differences in exammmg themmefry ofspatterns .
on plane, surfaces and of three- d1mens10na1*ob3ects. Cone—\‘
spondlng to the line of symmetry of plane patterns, bilaterally
symmetric three-dimensional obJects have a plane of symmetry,
Every hne&erpendrculmﬁd this plane cuts the frgure in pairs of
corresponding points that a are_at equale distances from the plane.
Obviously, a'solid object cannot be folded to test for bilateral
symmetry. Howeveér, a mirror can be placed along-the plane of
symmetry to show the existence of bilateral symmetry., The human-
face s an interesting object that has approximate symmetry with

‘ respect to a plane, "Other objects that m1ght be tesfed are a t.one.,

a beetle, and toy f.igures of people or animals.

~

H . as

A picture of a three—drmensronal ob;eét is, df course, a two di-
mensional pattern. ‘Thus the symmetry of a Dbicture of a fhree-
dimensional object may be tested by either the mirror or folding
_test. Generally the kindergarten and firsf grade act1v1t1es will

involve only two- d1mensxonal patterns or pictures. ~ T i

,a
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do )
Other Symmetries

An object may d1splay more than one of the symmetrles that have
- " been discussed. For example, a_star such as the one in Figure |1
. . displays Both rotational and bilateral
e ) " symmetry. Notice that-each of the five':
- : dotted lines is an axis of b11atera1 sym-
" metry, -
It is not necessary for a child to recog-
- nize more than one symmetry in an ob-
. . ) ject, but it is 1mportant for you to be
e e o ) R _aware of the possibility of more than
— . L Figureu I one, so that you may guide the chil-
- . R dren properly.

«

There are other sym. netr1es Wthh may be precisely described )
mathematically. A You may be interested in noting these, but they/

« will not be expl1C1tly presented to the children. * One such sym-

- . metry i's a translation plus dilation. It is illustrated in ,Flgure 12

; < " by the shells of the .common wentletrap, an auger, and the giant

conch, Another symmetry which is a rotation plus d11atlon is
. L 111ustrated in Figure 13 by the shells of the chambered naut1lus
TN " " and the sunburst carfier.

. e
- a *
2 , N

A more complicated kind of symmetry i's found in certain two~di-
mensmncl patterns, whlch are called ornamental patterhs. .A
- common pattern of this kind is formed by fitting. hexagons togeth -
- "~ . “eras.in a hqneycomb of in a tiled flobr. Ofnamental patternst !
',' _are also often seen in brick walls, (See Figure 14.) Thére is a
: precise mathematical theory underlyihg the ornamental pattern, .
but it is not necessary to understand this theory to appreciate.or.'
\

-

- . Create ornamental patterns Extremely intricate and beautiful
tiled patterns have been produced by artists who 1nst1nct1vely s,
) used the laws of symmetry, The three—d1mens1onal arrangements
. of atoms in a crystal are related to ornamerntal pat;erns - T
There are other patterns possessing symmetrles not d1scussed
here.* It is hoped that the child will recognize some of them in
his environment., The child should not be expected to describe
. precisely what he sees, but simply to be aware of and enqu the
symmetr1c patterns about.him. '

LN

-




Giant Conch (Cross section) -

;Common Wentletrap

- ’ .
TRANSLATION PLUS DILATION
) Figure 12 ‘

v

»
“ A .

. Sunhburst darrier o . Chan*ibergad N\Quti lus (Cross section)
: \

ROTATION PLUS DILATION

. -.  Figure 13




A bt Pie, 14, SYMMETRY IN BRICK AND STONT -
*{q“x‘t . Therse threr photographs show same 'nf the many
v sx}:?ri patterns u_é::gd by orchitects ond builders,

- Above left -- o woll burlt with plain bricks; -iboyve

:nght -~ the stonesoce f wn sflice bulding
-~ belvw - shadows contribute thow symmetry, too,

. N
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R/ peating pattern test* a portion of a pattern is, duplicated B
" mé6ved along the 'pattern, and compared to parts of the pat- -’ ’ T

P o tern at equally spaced locations to. determine coincidence
' ‘ ’ * . - R “

3. Bilateral symmetry test:*

/ o i .. 3=D: an obJect ig compared to the half-object, l}alf-image \
' '°pattern obtained by: using a mirror and is judged for oomci- .
, dence. - : . . o e T

L 2-D:’ either the above mirrot test is used, -or the ob)ect is \
i folded to test for coincidence of the two halves! . Lo , .
) . i . e . : - .
v . The use of a copy or, replica of the object, or part of the object, n
B in the tests eliminates the need for the tester to.imagine the-ob= ./
. ject or part to be moved and comparéd, You will probably carry
~ ‘out the tests mentally, -but five- or six- year—old children may .
. - not-be successful.i making_such_ahstnact_:omparisons. If : R
. some children begin to form conclusions. q ckly concerning the
- symmetry of a particular object, this shou‘ljggmt be discouraged
~ " ~If-they are correct, accept them with joy, If they are incorrect, ‘.
‘ !"' P a direct test for symmetry should be made,’ involving the con- -
: crete operations and comparisons necessary.

) . 4 ®

¥ o DIFFERENCES BETWEEN THE KINDERGARTEN AND FIRST GRADE SYMMETRY UNITS
co - If you look at copies of the kindergarten and first- grade symmetry -
4 ‘ ‘units you will notice that the first four sections “of each 'consider oo
e . rotational symmetry, repeating patterns, bilateral symmetry, "and
f‘ . symmetry in movement, poetry, and music. . How then do they’
. differ? Some of the ways are gi\ren in the following paragraphs

An obvious difference issthat the firstv;grade unit contains work~
. sheets and an additional section. On many of the workshests. the .
. : children are asked to do more precise and accurate work than that i
asked of kmdergarten&s. The additional section for first grade
considers Crystals .an ornamental patterns. T Ca

.




4 . The first-grade unit considers the three basic symmetries in more
e “a depth, More complicated patterns are considered. At the.end of
S ’ Section 3 the first grader is asked to identify symmetries when .
I all three type’s are present in th'e sameuobject. .

LI . o 3 .
Y Lo Although the major emphasis is on obsérvation and description
o ‘o - in both upits the firsb-grade unit ifizludes some work involving,
- . \ measyrement and gengg@lizaion, The first—grade unit is more
) ) qdantitative. Th[?l&‘en are ssked questions. such as "How '

. . " many posit,ions aft ‘there where the pattern looks just the’ same”"
AT « , and "How far is the star from the line of symmetty? "
- x
- “.1 . You will note that-the mtroductory mat}enal fn the two units .
! S %) . is the same‘ since both units cover the same sub].ect matter.

I

PN CO\QMENTS on r;LLE TEAOHING“OP THIS ynr L e . T

! N !
' . S o - ‘The lessong in this unit a,re usnally planned to take oné class
et P period Thg questior\s in capital letters that _appegr in some les- ’
son$ are tb be codsidered a guide to the type of questions you )
., will use; 'Feel free .to modify themdand any other part of. the unit -
: ‘.\. ex "tO’Slil.t the needs of your owr class. T . o
. ' " &he children should use and understand the concepts of the sym-
- S metries considered but they should not be expected to become
. . proficient in werbalizing them. They will not always be precise’
- <« indheir work, ¢We hope’ that Jpoth you and your class ‘will relax

v and enjoy this unit, '

-
- ‘ .
A . . [

. - v Art Activities :

3, ' !

»

RS This unit’ c0ntains ma‘ny art? activitiés that complement the more
. .- directed classrqém experiences, Thé child's ‘creation of his
e . . own designs reinforce his concepts of symrietry and also devei-
) . op an appreciation of symmetry.. These- desigh activities are in
) . " coritrast to the design activities on the worksheets, which usu-
L e alls should be considered experiences “in translation of points ~
¢ ;- . ) ‘on grids rather than. creative art, . e Sy ,
2 t * The choice and timing of the art is generally up to you any time
‘ : _ after the appropriate symmetry has been introduced Provide
) , ' ' only. necessary direction| .Considerabde originality results
2 - when children are given latitude in the use of colors and mate-

. . - rials and free rein to use their own creative, powers. _,
- . L e e - -

“l . B
.
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mon e (RGGEMIN ROTATIONAL SYMMETRY, . .
won - o3 S " - R . N\
J e . ». 7 Thig’section develops the coricept of rotational symmetry. .-
Te i, The lgssons start with ‘the mfanipulation of physical objects, .
o .« .7 .} -and the creation of rotationally.symmetric patterns, The chil-
. ;, .. - drendiscover patterns- that -are 46ft unchanged by .the rigid
L motion of rotation,. As they do thé activities of this section, -. . .

. .. . =_ . they should gradually -abstract the ‘concepts and the proper- - |t
: \ ties of rotationally symmetric. patterns, - ) . :
")5’ . _:“_' L 5 ..'.p N

. . : . .
- . 5 . - '
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. TURNING BLOGKS:

Lesson |

" The mampulatxon of blocks is usedin this lesson to intrqduce - _
the concept of rotational symmetry to those children who have .
not previously encountered it. . For those children who have
had the MINNEMAST kmdergarten program, the lesson will be
partly review but will also present the countmg of positions

} of comc1dence - :

’ .

" ~ MATERIALS

= !I'pair of triani;fl’lar blocks for each child

N ' . -1 paxr of square blocks for each child (The blocks in each
;o ‘ pair should be of the same size, but the d1fferent palrs may
e be of different sizes.)
i . - maskmg tape . S e ‘ P
o ) - assorted blocks £or Act1v1ty C ) .
a Y : . - .
PR . PROCEDURE . .
»" . :-‘- N ¥ . ‘&-’ o“
e . Activity A’ - - ' cesl s
. Each child ‘should have a matched pair-of tr'iahcjular blocks 'arid
. : ' ) . one of square blocks. One corner of one side of each'block -
.0 should Be mdrked w1th maskmg tape. .The tape helps to keep ra
L. ' track of the position of the bldck arid also. designates one sur-,

l : face of the block as the front. This is 1mportant because, in.
o testing a pattern for rotational symmetry, the pattern must not
be turned over to bring the back side up.

'Have each child place one of his trtangular blocks on top of
the other with ‘the taped corners matching, ‘

.o =
i

o ' . TURN THB TOP BLOCK UN;I‘IL IT FITS THE BOTTOM
,  aml BLOCK AGAIlY. DO ‘NOT TURN IT QVER,

. i "



DID YOU TURN THE TOP BLOCK A WHOLE TURN?
(No, only part of a turn -- or -~ No, only one- th1rd
of a turn, )

‘L

TURN THE” TOP BLOCK MORE UNTIL IT AGAI'N FITS *© °
'T‘HB BOTTOM BLOCIx -

~ -~

HAVE‘ YOU TUBNED IT A WHOLE TURN NOW? (No, -
_still only part of a turn. ) el

AGAIN TURN THE TOP BLOCK UNTSL THE BLOCKS FIT.
HAVE YOU TURNED IT A WHOLE TURN NOW? . (Yes.)

“HOW DO YOU KNOW'P (The.taped cornars match once
agam ) -~ R

o~
- - -

. Explain that w‘len *wie can turn a pattern or an object gart way
around and have it look the same way it did before it-was
turned, the pattern or object has turmng symmetry or -rotation-=

. al symmetry v

Act1v1ty B > ‘ )
Repeat Activity A ‘with’ palrs of square blocks )
. . s
Activity ¢, ‘ ' o v

The concept of rotational symmetry may be strengthened by -
consu:ieratlon of some shapes that are not rotationally sym-
. metrlc Pairs of blo"ks of the following rotationally non-
“ symmetrlc shapes are often available, or you can prepare
cardboard shapes. s ‘ .

%
e i “

In eac}; case have a child see whether he can rotate the' top.
block part of a full turn and have 1t$1t the one that has not
been rotated. Since in each case it 1s not possible to carry ..
« out the test suécessfully, the shapes do not possess rota-
tional symmetry. (If you do hot have pairs of these asymnet-
ric.blocks., trace @&ound the block heing tested and rotate tﬁq
block agginst its outline.). - . e

-«

L

&
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Lesson 2; ROTATING TRANSPARENCIES

Here transparent patterns are used to illustrate rotational syni— . -

metry further, The lesson also introduces the idea tha“t one
part of a ro*ganonally symmetric pattern may be rotated to gen-~

erate the entzre pattern R . . s

I

MATERIALS

~

Y A

PROCEDURE R

Act1v1ty A

' -

I3 - -

— | blue and | yellow star transparency - .

— | blue star point transparency
- marker or tape«"' ) '

- overhead projectsr (very desn‘able, but not necessary)
— transparent Pattern A, for each chzld :

— Worksheét 1, f0r each child

- Ca - |

v

e s E

It is assumed that you will-use:. an overhead projector. If yeu

do not, you can hold the fransparenocies agamst a wmdow to w
be v1ewed

“

Project the blue and the~yellow stars separately and then su-
perimposed. Check to see that the children realize that an

. all-gréen star shows the comcidence of the blue and the yel-

a

-low star. Rotate the upper star slowly over the lower star

As this is done some yellow, some blue, and sbme green will
be seen. After one fifth of a complete turn, the stars will
again coincide and an all-green star will be seen again, The
children should understand that this coincidence 1mphes the
star possesses Totational symmetry. .
IN HOW MANY POSITIONS WILL THE STARS FIT TOGETHER"
LET US COUNT THEM. TO HELP Us KEEP TRACK OF THE
TURNS WE WILL MARK ‘ONE CORNER OF EACH STAR,

ark the corners, with a marker or tape. Rotate and count the

five positions where the star patterns fit together exactly.’

v
*

30

<
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A
Another way of viewing a i‘otationally symmetric pattern is to B
notice that the entire pattern can be generated by tufning one
part of the pattern ifto equally spaced successive positions,
For example, the star pattern can.be covered by one point of

W

Activity B

-~ TURNED IT? 7(Yes.) ~—

-

the star rotated into five successive positions.’ CoT

bon't expect the cqﬁildren to express this idea ,fluently,‘ but
demonstrate ‘it by.projecting the yellow star and the blue star
point. = - -° : . .

~

Have the children cut out their transparent copies of Pattern A,
They need not cut exactly on the dotted circle, Ask them to

put their patterns on their desks, look at them-carefully, and .

then turn them one third of a whole turn, N

v e e -

DOES YOUR PATTERN LOOK JUST AS IT DID BEFORE YOU

. HOW CAN YOU TELL FOK SURE? (By making some kind
of record of thé way’it first looked.) '
Tell -the class that this record has been*‘printed for them or;
Worksheet I, Suggest that each child fit his transparent
' . pattern over his printed pat-

" aorksheet 1

Uniy 14

= -

N : tern, Heé can'then turn the’

' trafisparent pattern to find the
positions in which it looks
just as it did.before it was

- ) turned,

Naxze

HOW MANY POSITIONS ARE
| - THERE IN WHICH THE PAT-.
. TERN LOOKS JUST THE SAME?.
Sl (six) o

astern
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1 e o - ) & X .

‘[__..._..___._-—-« A = ’ - s
o . - . S/

EEEE T = Activity C (Optional) e . e .

l Discuss the fact .that_themiﬁble.patterp can be generated for
- made) by turning a part of the pattern into six different posi--
) . tions., - . - s . S, .

! / . - . ) . N . {' 1] . T “. - .

’. . At the conclusion of this lésson, you may Have the children

Aruitoxt provided by Eic:

use any of the art activities for this section (pag}es* 39-50).

> . ) « '
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z . ',Losson 3 FI’\IDING ROTATIONALLY SY\/IMETRIC OB]'ECTS
[4 - r— .‘," [
S of . LN i ”
C / ,j’ ‘ In- th1s lesson the children's concepts of rotat10na1 symmetry
/ . will be applied to a w1de variety of ob]ects Sometimes they
o . + will test two- d1mens1ona1 shapes and sometimes three dlmen— .

“ sional shapes. They will also test natural objects that have
{only apprommate rotatiénal symmetry .

"MIATLRIALS e : C e

-~ an assortment of rotationally. symmetric objects. Some ex-
- amples are certain flowers (real or artificial), certain
' shells, an apple or orange cut across, starfish, gears,
wheels, designs made from Tinkertoys.or other construc- N,
.. tion sets, and cardboard shapes (S, H,A).

- . —+an assortment of objects that are not rotatlonally symmet— B
: ric. Some examples are most leaves, certain flowers; cer— .
tain shells, certain blocks, pencils, de51gns made from .

. Tinkertoys or other constructlon sets, and cardboard shages C L

“ ‘ (@ L, V). : . 5 . o ‘ .

-

:PROCQDURE

Activity A . -

Prepare.a sh¥ipe table for the class., Place on'the table some
v o objects thaf are rotationally symmetric and some that _are not,
Some, but not all, of the objects should be in pairs. -Other -
. rotationally symmetric and non-symmetric objects should be
placed about the room, Sixggestions for the objects are given’

- in the materials list.” . : S B

» .

Have the children determine which objects on the shape table
have rotational symmetry. Although many children will immed- '
iately recoghize rotationally symmetric objects, they should’

) be able to test th jects if requested to do so. Discuss

" with them the fad? that the test for rotational symmetry in-a
solid object is a little different than the test for a flat (plane)
pattern. [or example, note the pyramid- shaped block sketched

- L o on the next page. - o -.




It cannot be f1tted over another 1denncal block but itcan bgh
placed next to it and compared. After“bemg rotated one-fourth .
of a full turn, it will look the same as before it was turned L e

. “ When only one ob‘act is available, th)d test for fotational sym=
) metry is again shyntly different, Either the or1g1na1 appedr-
_ ) ance’of the patfern must be remembered orit can be recorded '
o . ™ byua.sketchs ~Perhaps’ yousog:a child could, trace arounda stafe ~
I R ' fish (or -other ob;ect) on the boar , rotate the starfish, and ’
compare the outhnes The childfen will ‘notice that the rota-

; s tional symmetry. of natural objetCts is usually not exac,t‘
f B . .
P - After thé objects on the shape table have been examined, have. -
& ", "the children look.about the room for other rotationally symmei- ’

T ric ob)ects They can also be asked to think of symmetrié ob-. ' R

- Co Ject!s they have’ seen in other places. e . L

e,

<« ‘ 0 e e
L

Agtivity B (Optional)

v * .

~

h i

Some children may; notice. that although a certam obJect may
look the same when rotated a certain amount, it will look dif-
“ferent when flipped over. - This may be shown with an S-shape.
\ On the other hand, an H-shape does look the same when

L . flipped over
|

a . . N

<
A

. . By « RS
et e . . .

. T N o

+ This activity should be used here simply to provide additional
experience in observing patterns, In Section 3, the effects of
turning a pattern over will be considered further. o



T ‘ ) REA . _‘_ ) ~ .
~ Lesson 4: KEEP THE SYMMETRY _ - ‘ S
) " S e T - - . ‘ .. : . ‘ <:“-<'€:”
o - < In this lesson the children are asked to-design, complete, or ] _
e alter patterns as’they wish, subject to the restriction.that the A
. .- ) rotational symmetry of the pattern be mamtamed This: pro- .
R . vides further practice anq also gives you an indication of their " R
. _ concepts of this symmetry LColor is used in some of tl{e pat=
' terns, - : ceeT
i . MATERIALS . X
. . * - coloréd chalk =~ . .
\\:‘ ) - - .pegboard (optioridl). ' ‘ T -
' _,~.x P constructlon sets such as T1nkertoys (opt1ona1) o ) . .
T SR 1‘-\.{» s Worksheets, 2-and 3 we oo S 4
. - . PROCEDURE’ )
Act1v1ty A )
- - With wh1te chalk draw a pattem on the board such as this:
" - [}
\\\‘ M
’ , , : b
.- S ¢ THE PATTERN ROTATIONALLY SYMMETRIC? (No.)
A ’ CAN SOMEONE MAKE IT ROTATIONALLY SYMMETRIC‘?
i (ves,) s

. Have a volunteér do so

: "y : -~
' CAN SCMEONE ADD SONE MORE\¢aP S TO THE PAT~-
. ° "TERN? " (Yes.) - . -
. . . - N
Have the children do so. g\ |
By







%

e

" . Draw another 1ncomplete pattern w1th colored chalk, Again -
_have volunteers complete and.xelaborate the pattern

bility would be° ”

o ‘f' i - T ' ‘ <.
o " ! A 2
, .. r = red “ O\/® A
Fa -b - blu‘e ‘ <, ». @ “‘
Have the children continue *hi§ activit"y as a game, “'I'hey can

_play in pairs or small groups, taking turns in adding elements
"to -the desrgns They may-play on the chalkboard or on- paper;
using colors, The "keep the.symmetry" rule should be very
clear to ‘the players. '

L. e

Sample paﬁerns W1th different degrees of complexxty are
shown below

- -

The activity may Jo on as long as the children- can find/ele- A
ments they W1sh to add, or you may set a time .imit op it

ActivityB (Op‘tional)‘ - .

"A~pair of children may play a game very similar to that dis-
cussed in Activity A by .making patterns on a pegboard or with
a construction set such as Tinkertoys

>,

el

A possi-,

Ce® L.

‘w




Activity C o T .

. L e : {
. . The class should now be- ready™e{color the patterns on Work~
- . sheets 2 and 3,% Again the "keep th symmetry" rule should - - .
& . be explained, but do not ingist on complete accura,cy‘ Most . 5’

. cnildren shouId be able to color the pattems with freedom and
imagination, \However if a child seems unable to get started

a Chlldren enJoy see1ng the colored‘) rotationally-symmetuc pat- N
terns formeq, in kaleidoscopes. ; . . %
. .t D %q- . . a + ' i ). v -

. i
- . . .

‘. . . . - * y Ky 5 “\ t *

. - J - * *
et Sana s . Tl b aerksneer 3 . « ®
. se . LR L . hine - -
e - \ﬂ\ -
« olor 'a& pa‘tern, ’ . (Lot partury 5 * g ’

“aka *he tattera ham v raiee quwmdedy vage tea parearn ra Y e raine wtreaNev.
?
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ART ACTIVITIES FOR SECTIGN 1: ROTATIONAL SYMMETRY
. . ~ - A number oﬁ art activities are suggested here. Any selection
s S of theth - may ‘be-used to provide review arid extension of th@
N ideas of rotatzonal' symmetry. These art activities, as Well
. ‘ ' . as those in other sections, can usually be modified rather
- . gasily and used again for other type's of symmetry. \ o
.' ) K . . b
R B * Two toys that mechanize the drawing of geometric patterms, . ~
v most of which are rotationally symmetric; are listed below,
* A large variety of pattems may. be produced fairly easily. A N s
ball- point pen usually gives better results with theseé toys
-, 6than does a penCil s R

»

‘ 4 ' Magic‘ Designer 8245 [(Lakesidé Toys, Division of Lake= . + %
: ' side Industries) Minneapolis, Minn; , $4.95) ' ) )
T $pirogra Na. 401 (Kenner Products Co , Cincinnati, . {
T e e Ohio, $3. 8) : N

ERIC

Aruitoxt provided by Eic:
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. Fold & sheet of typing paper into quarters.
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_ | 4, Cut out-dgsign from foldgad*‘p,aper (If you W1sh you
T FEER r G”Nspay draw a design before” cutfmg y ‘ /
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- Activity B: Rosettes \ .
. . . a ———
S .o . s ) .
i ; . Ty, . - e e
- I. Cut a shéet of onionskin paper to measure 6" x 1", . o~
! ' ' .‘9;2—11 oA T
, 2. Fold pleats info the paper across the narrower dimension.
4

\ ~ (
-
. .- -

The .pleats should be about $"to I apart.," Roll a pen- 7
i . cil over the pleated paper to insure deeply creased pleats.
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. ) - 3. Fold pleated.-paper in half to créase. . : ~
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v onslort 0\ . . - - . . \ X - e i , ’ . %
i "4, Bind at creased’center with white thread, and knot.’ C
”gﬁf ) C » . »
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Fan ends out and paste edges together to make %\full

oo L circle. . /N . . . . . '. )
- ~ Pl < l)l'
g R o T s > .
- ~ L« ) N \:\' ]
, Paste » ° :
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. R . 6. These rosettes make nice classroom decqrations, \
LA Attach a thread to the top of each design and‘hang ‘ AN A
' it from'a string stretched across the classroom. \
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N . Fold colored construction-paper in half fengthwise.\ )
. -~ _ - . A .“ '\
)

N
2 . N
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2. Crease paper aboyt I" from top. _
o« .. .1.‘7 . . ~

‘Nctivity C: Paper Flowers . ‘

.
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' : 4 crease - .
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3. Mark off every 1" along the length 6f the fold. . "
T : =~ : L4128 3 s das g2 ial L -
A . 4 Cut at 1" marKs as far as the crease. Do not cut to edge.
T2 R T ﬂ i S )
. . \ \ , N b " ’ .
. N . N
- . t I . \ R « - . '. N X
. 5. Overlap uncut edgés and paste together, ) O el
_‘" ’ — T <« — - pasté l ’ . B t : N
* - }:‘L
N a - . £
) . .6. Loop around and pasté ends together. . iz, % N\ BN
. ’ - - i ! %}S ’ \\\ . '
" 7. Attach a thread to top of-design.and hang from a string . ‘ .
runnitig from one end of thé classroom to the other, )
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, Activity D: Stars L -
) ' I. Cut out squares on heavy lines..
: . 2. Fold on dotted lines as ihdicated. Fold forward on )
N ‘ T a and fold back on b, ' :
— " 3. Paste corner flaps of 2 squares together as shown .
A * in illustration. s .
’ " 4. Continue pastmg one square to the next; the last square
is to be pasted to the first one,
@ i -
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Activity E: Lanterns ° . .

1. Paste 2 sheets of onionskin: together at the narrow ena
to make a strip about 8% x 22, . o

P N -~ N 3
e

s 2, Pleat the strip of oﬁon skm across the. narrower
‘dimension. Allow, 1/2" to I" for each pleat. Roll
pencn over pleated paper to insure deeply creaséd -

leats

il . ¢ | -

s ."

3. Unfold the,pleated paper, 1- ld across the length and . |
. ) ) crease again, - S i |

'\\ : 4, Unfold creaséd paper. Bring “the narrower ends together
and paste to form a tube. Onioén skin pa holds the. -
crease so well that the edges will pleat to ﬁe‘ther and-

‘the middle will bulge to make a lantern shape. ' -

1

5. Cut'a strip of paper and attach to top of lantern for the

“ ‘ fle. . . -~ !
-t N N “«
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. Activity F:» Loop-de-dods ' ’ .
ﬂ T, Cut strips of colored construction paper into 1/2",- )
) 3/4" and 1" widths.
) : 2. M\ake'loops of different sizes., ’ o

0 ’ !

2

‘3. Arrange loops :in rotatidnélly‘ symmetric patterns on )
construction paper, using all-purpose glue. "
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. _ Activity G: Party Decorations

pe=
.
»

I. "Cut out a four-sided paper design following the direcfﬁons;

"in Activity A, . - o ‘ )
_ * 2. PasteAtoA, BtoB, etc. Thiswill bring the four .- s
- : © " corners into a cluster. . ' ¢
X / ) . . N . * .
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PAruiroc rovsaoy cnic [N . A . .




(P h - v

Activity H: . 4-Pocket Baskets . SN ‘.
|I. Begin witha 9" x 9" square sheet of constr‘ucti'onA papér.- A
2. Told the paper along the diagonals and then-open flat, --

3. Then fold in half, both way's, and open flat.

™

Ay

IS ’ T ©

.
<

N 5. Turn folded square over. Workirig from the back, fold - - .
. new corners to the center again.
H

6. This fofms“pocicets into which fingers of left hand caﬁ be )
slipped, With right hand, push from behind to make a ‘
peak in the-center. , - <

4

7. “Paint a rotationally symr‘ne_tr%\é design on the flaps,




" Activity 1: Baskets . .

IR

I. Fold a sheet.of cc;n,stmction' paper in half,  —

‘2. Fold the sheet in half again, thus making a crease.

- v
.
-

] ) » N o v

o

3. Open the second fold and-make a tab by cutting from the

center fold to ther crease as shown in the "diagram.
) i .‘ . . -
t -~

- . SR
K . s, . “ .
. .

f et a2 e e e - -

~*———1 cut
1

4. Cut from center fold into crease, making strips 1/2-3/4"" .

o

wide. . - -
15, P&g,t‘e ‘the tab end t6 the other end, making a cylinder,
. 49




6. }_Bend the petals doWn and open them.

a

) 0 . 7. Glue a colored cupcake«p.ap‘er to the inside of the = . N
S, basket: ... AR “,g‘ _ .

8. Paste a paper han'c'i'le to the inside of the Qbésket. ‘ .
v > . N Ve M3

bt

Variation - -

L . -

-

s The children may wié'h to fr.inge the ends of the petals.

.
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m REPEATING PATTERNS AND TRANSIATIONAL SYMMETRY

.
s

In th1 ‘Section the class\tu ies repeating patterns, If the ,
repeatmg\patterns are imagine s\ilfimtely long, they will ’ '\
be translatmnally symmetric, The concept of translational

symmetry, ‘which is discussed in the-mtroductory part of -
the unit, is treated in Lesson 8. However, 1t is de51gnated
as opt10na1 for it may be too- abstract for some first-grade: .
children, ) ’

-
A

The activ1t1es in the sect1on prov1de for the creation of many )
repeating designs by the children, Whenever possible, the _
lessons are based on real objects gnd concrete operations.
Both man-niade exact repeatmg patterns and approxxmate re-
peating patterns from natuse are used as illustratiéns for les—
son, 1deas. ) - e




* Lesson 5:° TRANSPARENT REPEATING RATTERNS

~ * * “e ' -

This 'lesson introduces the idea.that'a® repeating pattern is a
. . .patfern that can be generated’ by~one part of the pattern be1ng
’ rebeated at equal d1stances along a. stra1ght l1ne.

« ~

| MATERIALS I ' o

Lad

.

< . *

— one str1p transparency of dogs (blue)
- .one do,g transpaxency (yellow) et
- S'aﬂboat transsparency (Pattern B) for each chil_'d

- Worksheet for each «child :

’

" = .overhead projector (desirable, but not reou1red)

PROCEDURE c ) e » »

T euvifya o S
we

" Again it 1s assuj ed that you will have an overhead projector
available Although it is more effective.to proJect the trans-
parencies, they may be viewed agalnst a w1ndow

.
P
. . . - 4

' . ?roject thé transparent yellow dog pattern and the bluwe dog
strip pattern separately. Next project the transparenciés to- '
T gether with the single figure on top. Bring the. single dog -into
em ot colncxdence w1th the first- dog in the strip, The first square K

will now appea( green and the dog. figures will fit %xactly.
Continue mov1ng the single figure until each figure.in the
strip has been exactly covered. Th1s will demonstrate that
\the dog~figures-in the str1p are ‘all ident1cal “
“\ALL THE PARTS OF THIS DESIGN ARE EXACTLY THE SAMB
ALL THE PARTS ARE EXACTLY THE SAME DISTANCE I\PART
’l‘HE DESIGN IS A REPEATING PATTERN

-Activity 8~ i :

v

Have the children examine the sailboat pattern on Worksheet 4,

-*

© ARE ALL THE SATLBOATS EXACTLY ALIKE? (es. )
. «~\ HOW CAN YOU TELL FOR SURE? (By using a copy.
* of one of the sailboats for co‘mparlson )

»* .‘~ ) w#’f
. .

"
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) When,.the childrep understand the meaning of the answér to the ,
T~ last question. (alti\'eugh these exact, words certainly need not ‘
®  be used), tell the thildren that you haye a-copy of the sa11-—
@ -.‘boat pa-ttern for them. . . © X ; ;
- - ' Each child should have a tr.ansparent copy of the sailbodt
T (Pattern B). Give thel time to experiment with the transpar- _
ent pattern and Worksheet 4. Let them find that all the sail- = *
boat designs. are identital, Then-ask guestions to lead to the .
idea that all the points §h the first sailboat design are ioved
tha. same distance to 'match the corfesponding points on the
second design, all the pﬁc\lnts on the second design are moved
the same distance to match thé corresponding-poirts on the
third design, etc. Some appropnate questions folIow o
) ‘-
J ‘ 3 ~ . ' HOW MAI\iJ SQUARES: IS IT.FROM .
. ' THE TOP OF THE FIRST SAIL TO
T T e — | * THE TOP OF THE SECOND SAIL? *
‘ ~ _ ) (Five squares ) R
. [ A *
' - I "HOW MANY SQUARES IS-IT FROM
) Pleh . THE TOP OF THE SECOND SAIL ~
‘ ! ‘TO THE TOP OF THE THIRD SAIL?
(Flve squares.) . T
IR . ’ HOW MANYW SQUARES _IS[I.T FROM
174 THE TOP OFTHE THIRD SAIL TO
, 1 ) THE TOP OF THE FOURTH SAIL?
X ‘%/ - (Fwe squares. ) . -
!
7 ' A" . b HOW FAR IS IT FROM TJ;‘E ERONT
) N . OF THE TIRST BOAT TO THE FRON‘I\ ‘
. - OF THE S8ECOND® BOAT? (Fl,v/e
; 5 ’ squares ) . ' -
. % ‘.{ - . . ' -
;, ! n " <. . ) ™
cal o )

. re \ o ‘ . l '
After this lesson any of the art’ actwities for this section .-
may be used, ‘

-

9 . 5

I\{sote Worksheet 4 w111 be used again in Lesson 7.

54 .
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Lesson 6 REPEATING PATTL.RN GAN(IES

v 1
- In the games and activities y\ggeated here, the chndren cre- L
. . ate désigns with various mate 1al§ The only restriction is ‘

“ © that all the de51gns should sh w- a\repeating pattern., Some

.. SN de51gns w1ll be ‘altered according to\ ules that preserve the
oL repedting Troperty of the de51gp. fI‘hRs\nchangmg of one design -
to anothemn a definite way is|a forerunner of the mathemati- : .

‘cal idea of transformatlon \ ’

o S S ‘ Cey
MATERIALS ‘ e e ' \

‘Pesfsible materials from which repeating patte'rne may be made

are: - ny .‘ _

—_ colored chalk o 0 " S/
. » = flannel board with several sets of shapés' ", \

.. ~ property blocks ‘
- — peghoards with‘pe'g

PROCEDURE ' ‘ : ‘ - .

“Activity A ‘ . = o - e

The rules for three games are outlined'here, They may be var-
ied in many ways, The de51gns may be drawn or assembled
" from objects similar to those in the materials hst The games
) may be played by the class as a whole,-by teams, or by part-
v * ners. The chlléren-may mvent scorlng rules.

\ G:o on with.the Pattern One player begins a pattern Succes- :
T sive players add t. it, producmg a repeated pattern, A rule,
can limit the number of elements$ each player adds; e.g., the
starting player can use four elements in his part and -each suc-
cessive player can*add one or tWO elements An example of a -
. .sequence of play is: - N F -2

e Ny e/ S e | N
"  AveAv T ' B
- "AveAvel o o

- AVQAVQAVO

. 5U /




Add to the Pattern; 7 One player dr_eates a repeating,péttern.
The next player sdds to the pattern being sure. to maintain .the

repeating g’roperty. An example of a sequence of play is:

vo. doDodol

v+ st Player O

| o 0o O o
- ™ | Z/hd Player N e) E C.) N C.) E] . 6
3rd Player @ c:) & C:) ' % C:) C:)

Make»It/.Repeat: One player (either the teachér of a skilled
child) makes a pattern that isn't exactly repeating. Another
player/compléetes it so that each, portion of the design is re-
peated, An example of a seouénce of play is:

f .
,‘} -’ -

\

Act1v1tyB . ‘ '

‘/ Here the children transform one repeating pattern-into another

by a SpeCifIC procedure. The activity provides background -
for the mathématical ¢oncept of transformation or mapping,
{ which will be developed in later grades,

~ Puppose a group of chlldrgn has made the followxmg pattern
rom property blocks. .

A @ 'Z‘%L» B - A ©

°

E

. v \
latters on the blocks indicate the color. Cbloring th
rdwings may make the pattern clearer.)

i

LET'S CHANGE THIS PATTERN BY FOLLOWING A RULE.

' THE.RULE WILL BE TO CHANGE ALL THE BIG BLOCKS
TO-SMALL BLOCKS AND THE SMALL BLOCKS: TO BIG

- BLOCKS. (Large <= Small.) :

| 58
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After the change, the pattern will look like this;

3

IS THE NEW DESIGN A REPEATING PATTERN ? (Yes )

/

H
/

NOW YOU MAKE UP A RULE AND CHANGE THIS PATTERN

This activity may alsé be varied., It is good to leave the ori-

ginal design undisturbed and construct the transformed design

below it, The rules used may be very s1mp1e (such as .

thick €= thin)-or quite complicated O<——>Dand red = yel-

low—> blue —> green—>red).  Although property hlncks are

espec1ally suited for this WOrk other materxals may be used AR

for ‘the designs. In all cases the transformed design w111 re- - .
"tain the repeating property, '




-ty

D

Tésson 7: REISEAT‘IN(:;; PATTERNS ON GRIDS

" The worksheets-that constitute this lesson g1ve the children

practice in drawing repeating pattéerns, These design activi=
- ties are considered T¢ss as Creative art than as exercises in.

translatlon of sets of points on gr1ds A Lo

MATERIALS . S
‘= Worksheets 4,8 )"and 6

PROCEDURE . ‘ -

« .:,%

Ask the class to complete the picturés on Worksheet so that
the‘picture in the first cell is exactly repeated Quest1ons
such as those below may help the children sée that correspond-
ing distances remain the same throughout an entire repeating
pattern

b -
- -~

HOW MANY SOUARES HIGH IS THE HOUSE TO THE TOP
OF THE ROOF?. (S1x squares.)

\
THE SECON‘R HOUSE? (Six Squares.) *

- . -

THE THIRD HQUSE? (Six squares.)

HOW FAR IS IT BETWEEN:THE DOORKNOB ON THE FIliST )
HOUSE AND THE DOORKNOB ON THE SECOND HOUSE?
(Five squares.):
, S
BETWEEN THE DOORKNOBS ON THE SECOND AND THIRD
HOUSES" (Five squares.)
Have the children draw their own des1gns on the blank strip on
Worksheet 4, which was first'used in Lesson 5. By watching
them work you will see which children need help 1n Jdrawing
and spacmg

Ask the childfen to color the strip patterns on Worksheet 6 so
_that each strip ‘has a repeating pattern )

ct

8 ‘ | ) 57
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ActivityA IR <,

- - ./

Lessod 8: TRANSLATION | ' R
The first a’cti-vity of this lesson shows that a .strip pattern can )
be generated by translating a part of the pattern inj uniform

steps along a straight*line. In the optional second activity

the concept of translational symmetry is introduced. “{

MATERIALS

Worksheet 7
' Unit 14

Name

.

— Worksheet 7

Py TEY

el

-

(o s sr e

= !

PROCEDURE -

Woxj]?sheet 7 has three idEnticaI‘strip patterns, edch having an
_-e'lemeﬁtal design repeated six"times. Ask the children to color
Iightly the first'square in the first strip.

-

¢« . ¥

A

Bring out-the idea.that the pattern of the whote strip can be
made by repeating the design on the colored square six times,

59
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'Neéxt have the chlldren color the f1rst two squares in the, sec-
ond str1p ; - ST

e

. . his should help show that the pattern of the whole str1p can
e made by repeating the colored design two times.

WE CAN CHOQSE DIFFERENT PARTS OF THE PATTERN TO

REPEAT OVER AND OVER TO GET THE WHOLE FATTERN,

BUT USUALLY WE CHOOSE THE SMALLEST POSSIBLE PART . , :
AND TALK ABOUT REPEATING IT. ‘ ) ’ -

Activi ty B (Optlonal)

If you feel your class is able to comprehend the followmg
material use it. It'is'the introduction to translational sym-
metry and its connection with repeating patternis. - ‘ K




successive volunteers to extend the pattern across the entire
) boand K possible design would be:

_IF THE CHALKBOARD WENT STRAIGHT }DN AND ON,
. COULD WE MAKE THE PATTERN AS LONG AS WE
. WISHED” (Yes ) .

) PRETEND THE PATTERN GOES ON FOREVI-"‘R IN BOTH DIREC-
j/ TIONS. THEN WE WQULD SAY IT IS INFINITELY LONG.
‘f\ PRETEND YOU PICK UP THE WHOLE PATTERN MOVE IT
. ONE DESIGN OVER, AND PUT IT DOWN, WILL THE PAT-
TERN NOW LOOK ANY DIFFERENT? (No ) . ’

BECAUSE THE PATTERN LOOKS THE SAME AFTER T - Cu
IS MOVED ALONG A LINE, IT HAS A. SPECIAL KIND S
OF SYMMETRY CALLED TRANSLATIONAL.SYMMETRY. ~

_“TRANSLATE" IN THIS-GASE SIMPLY MEANS \TO MOVE |
FROM ONE. PLACE ON THE LINE TO ANOTHE{?

A d1scussmn can bring out the idea that if a reReatmg pattern
is imagined to be infinitely long, it can be thought of as hav—
ing translational symmetry, - . V

-




Lesson 9: FINDING REPEATIN.G PATTERNS

Here the c‘hlldren look for repeating patterns in a specially pre~
pared classroom. They have opportunijties to d1scuss approxi-
mate f1n1te, -and infinite repeating patterns.

S
Y.
F

MATER IALS

-

=~ an assortment of obJects pictures, and deslgns exh1b1t1ng
répeating patterns. Some examples are a caterpillar,

. compound leaf, animal tracks, a fence, a chain (metal or «
paper), a piano keyboard a strip of lace a dress border,
a necklace of coloted beads, a wallpaper border, and a
set 6f books,

"= an assortment_of obJects pictures, and designs that have

several parts that ‘do not répeat exactly. Some examples
are a paper chain with randomly colored links;a set of
non-matching books, and a strip deslgn you have made
for this lesson.

PROCEDURE o .

Place on the shape table, bulletin board, and around the room
some objects, pictures, and dGSIQI’lS that exhibit - repeat1ng pat-
terns and somé that do not, as suggested in the materials list,
Any completed art projects for this sectlon can also be dis-

" played. e - oo

Ask the children to find, examples of repeating pattérns in the
‘room. A child who finds one should see that one part of the
pattern is repeated at equal intervals along a straight line.

You might help him express his ideas by asking questions -sim-=
ilar to "Are all the fiowers in this border alike? " and "How .
many beads “are betiveen esach red bead and the next red bead;? "

In many natural objects only part of the pattern repeats For
example, the ends of a caterpillar must be excluded if it is to
"be considered to have a repeating pattern,~ The children may
be mterested in patterns that repeat only approx1mately

If you d1scussed infinite patterns and translational symmetry
in Lessen 7 you may wish to consider the concepts again here,

69




[AFullToxt Provided by ERIC

- "
-

e

ART ACTIVITIES FOR SECTION 2: REPEATED PATTERNS

L

The ideas:of repeated patterni are used in the art activities \
described here. Any of the activities may be used any time
after Lesson-§-has-been-presented. ‘ )
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2. Unfold. You will have a sheet with parallel slits that\qo A
not touch the edge of the paper.’ :

— . : | \
‘ e . N ‘ . ‘ i N . ‘ . ~ .:
s o 3. Cut construction paper of another colorinto " strips. '
L Weave these f:hrough the §lit sheet you have prepared.
.8 « : : ST :
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. Activity B: " Cut-Paper Designs

e I.‘Fold pap

er into 2" pleats.

« -
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© -+ MActivity'C: Print-Making
» ; : -
. o Any: of the methods descrlbed betow may be used for ;
printing- repeated patterns Temgera may.be brushed on- -
L »  to the printing surface, or water-base printer's ink may
' ' be rolled on with a brayer.. If you use a brayer, squgeze
a 3+inch ribbon of paint on a piece-of glass and foll the |
. o brayer back and forth over it-until it sounds sticky« ’lheﬁ '
’ - . roll the brayer over the prmtmg surfaces . s

'S . x
- ' - * . . "

¢~

Newsprm‘t or constructlon paper are best for prmtmg smcc . "\

© .- they are more absorbent'than ather paper__) ) ¢ o ,
e i . ) ) .
String Prints . . _ '

-

a4

Wind a stnng around+d pléce of WOOd Ink one 31de Press

\' . P . _» . inked string on news print to make a repeated pattern, \

: T .
ANy — L

»
o
»

; \ . Sponge Prints IR S \/

.\\,\‘ 2 ,! ¢

oo Y L Ink a ‘piece of sponge. Press .the spongc On"“feWSprlnt

a

o PR repeatcdly S

- ERIC

Aruitoxt provided by Eic: -
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oLt ' Soap-Eraser Prints ¢ -
. . ] . - ‘ 2

D ¢ . ., . . N i » ) . 1]
/- T Cut a design into one surface of a soap-eraser,.ink it
4 . L 4 ) 13
N and print. . * N o .
. . v * - .n
o LY - * -' . ‘ .
‘ 3 Bl > 'f ”
PyPs 4 ¢ i .
. » ) - - )
- l' v" , . )
l. Va " . ‘ .
» . LY s
. . ) ,
A . R ’ . N ’ ' ] ) \. <7 -
/ ’ * o * . ’ .
* L] s . .
o A . . ‘ . 9 T <.
e S Gadge‘c Prints. - ™" - . : J
. 1, * .o e — ¢ ©
\ Ink k1tchen gadgcts suck as a {)‘otato masher forf( ‘Bottle .
' N «cap, to ma!\e prints. ) o , - <
h uﬂ. e ' '
4 - : . ~ , i} . f ~‘ PN ‘ . Iy . .
- . * . “«‘ . . » 4
- . o . . s v:‘ e . '
. - - . . /@ w‘ ] ‘."N- ) ‘ ) R
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* \; ~ b4 N ' * . ,/’ *
- v _— . \ Aoy a 7
. . Petato Prints ~ - | - P . N )
d;‘" : X . : - 3
L. "J 3 Cut a potato in half. Have the chlldren scratch a de51gn
" . on the cut'surface with a pojnted penail or an “orangewood
i stick. Water color or tempera should be applled to the
‘ g “ " potato surface with a brugh,. ‘rather lightly because the .
potato. pr; vndos a good dcél of moisture for *he pringing.
. Ly ress the potato firmly on the paper.., L ' .
. @ * ™~ M (l
67




Activity D: Loopede-doo S

«

o - . Make loop de- dpds of various sizes (see p. 46) and glue :
- them on construction paper 1n a repeatlng pattern, :

~

e Activity E:\ Seed Eesig‘ns‘ / ' ' .
. ¢ Lo ‘Use a white;all- purpose adheswe such as Elmer s glue to

. " paste popcoin Kerfnels, pumpkm or sunflower seeds, or split
peas on taghoard to make repeating patterns. These may. be
strip patterns or, for the more a‘mb1t10us Chlld may cover the
whole piece of tagboard. . .

t . i .

w » * -
S s . .
li- lC ' ’ v ' ' !

B /
Aruitoxt provided by Eic:
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Actilvity F: Patterns Using Stehcils ' i

- "l Gutouta des/ign from the center of a 3" x 5" white index
card. This design should not be symmetric. An/unusual
hole or odd shape will do. (If a child cuts thronugh the

1 boundarles of the card place a plece ‘of tape

i L / N
\ - A
N ; . ¢
2. Place card o‘n_ci:or{struc':tion paper. Use it as a-stencil, '/'
rubbing crayon ozzer design to produce image. ' =
. . * — = — - - - — T - I’ . _/
"\
[ 4
R R 3. Show the childfen how to flip the stencil and repeat the
A ' rubbing. They can make a repeated pattern by fIippmg

the pattern ovedr and over in a straig}zt line.
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BILATERAL SYMMETRY |

.o

The lessons in this section of Unit 14 develop the concept that
bilaterally symmetric patterns are those.that are unchangéd by .
reflection about an axis.or line of symmetry. It is shown.that
a bxlaterally symmetric pattern is made of pairs of correspond—
ing points which are equxdxstant from the line of symmetry:
Bilateral symnietry is Sometimes called folding or mirror sym-
metry because two tests for 1t use foldmg and mirror images,

As in all payts of the unit, thé children's understandmg of the
concepts will come in large part from observation and mampu-
lation of objécts and from art activities, There will be some’.
p tterns and objects in this section that possess both bxlat-
eral and rotational symmetry., You may or may not choose -to
discuss this with your class. Always be clear about the type
-of symmetry you are con51der1ng at thé time,.




Legson 10: INTRODUCING BILATERAL SYMMETRY I

' MATERVIALS

i

1
This first lesson of Section 3 introduces the concept of bilat-
eral symmetry. It also demonstrates the fact that half of a
bilaterally symmetric pattern may be reflected to generate the
ent1re pattern, .

\
5

- tranSparent yélldw butterfly i .
- transparent blue half-= butterfly ‘ .
~ overhead projector (desirable, bu not required)

- trau.-,parent Pattern C for each ¢hild -
PROCEDURE

Act_ivit’y A

.
A x

AS in earlier lessons where transparent figures are used, itis
possible to view thé transparencies against.a window if an
overhead projector is not available,

Project thé yellow buttérfly

DO THB TWO SIDES OF THE BUTTBRI-‘LY LOOK. ALIKB

IN SOMB WAYS? -(Yes.)
Any reasonable response is acceptable, e.g., the two wings
. . are the same size,

e

ARE THE TWO SIDES OF THE IiUTTBRPLY EXACTI;Y‘ ALIKE? U
Mn—?
There may be either yes or no answers from the chlldren. Have ’
~ them wait until after the next part of the demonstration to dec1de ,
wh1ch answer is correct . - =
4 ; . .
ProJect the blue half -butterfly beside the whole butterfly-. Sug-
gest that it can he used to compare the two halves of the yellow -
butterfly. Move the blue f1gure until it coinc1des with one side
of the whole butterfly. That side will now look green.

» . - N -




IS THE BLUE HALF-BUTTERFLY AN -EXACT COPY OF L
ONE-HALF OF THE YELLOW BUTTERFLY? {Yes.) L T

HOW CAI\T’YOU TELL? (The edges and spotsmatch,
half of the butterfly is green now, or similar obser=
vations.)

Slide the.blue half—ﬁgure to the other side of the whole figure.

DOES THE BLUE HALF-BUTTERFLY EXACTLY FIT ON THIS B -
HALF OF THE YELLOW BUTTERFLY" (No ) . -

HOW CAN I MAKE IT FIT" (Turn 1t over.)

Turn the half- flgure over, making the motion clear to the ’
. class .
.DOES THE BLUE HALF=BUTTERFLY EXACTLY FIT OVER
THIS HALF .OF THE_: YELLOW BUTTERFLY NOW? (Yes.)

- Explain that this demonstrétién shows tha'f the two halves of
the yellow butterfly would fit exactly if one of them were
folded o@/er” the other,

~
(i

Act1v1ty B ) o )

-

Have each child place t'is hands on hlS desk wzth the palms
down and the thumbs just touchmg

- -
P B s ———

Y

ARE YOUR HANDS EXACTLY ALIKE? (No,“the fingers \
are in a different order on the two hands. ) ) T



5
. N ' - . " \\\
< ) - Py ’/ ‘§ K - . \\ -
. - \
. Y
. S
P Ask each child to fold his palms together.
. -
«;:—-J'-f.‘,’*‘— e i
‘ - ) ]
7-,N;‘:_;‘=,__ Apr——— S . ) o

x ﬁ?lﬁm&'.m'\‘ TV Nl IR o [ : .
R A o R e SO T AR U TR AT

T DO YOUR HANDS FIT TOGETHER EXACTLY? (Yes.) . -, ]
. e - Explain fhﬁofmp fingers match when the hands are put
o e : p 7 together shows-that thé parts of the hands are alike but aré
/ ‘ . . -—arranged in-opposite order. Tell the class that Both the butter-
g 7. fly and their hands have a special kind of symmetry called .
//7/’-‘, - bilratér,al symmetry. . i K
/‘ _ 7.« - Activity € % (,/,l.
77 27 . 1/"'/,/ T .
L : ‘Haye-each child cut his Pattern C along the center line.
. He gah @.e’n,experiment with the two parts as he wishes,
a s .
L} . 73
74
L.
- . e e




Lesson |1: FOLDING PATTERNS S o
Thls lesson continues the development of the folding fest for
b1latera1 symmetry. The investigations of the propertles of bi-.
laterally symmetric patterns afe continued,

RN “ ' MATERIALS . - o

-

) = Worksheets 8,9, 10and I1

/”PITOCEDURE j R
Activity A Q : = ' -

Have each child fold his copy of Worksheet 8 along the dotted
_ line, Because this'fold must be made rather accurately, you
N ) ‘ . may need to help some children, After the .¢lass has had time
R ) to sée the way the two 51des of the leaf pattern fit exactly
when folded you may tell them that this is true of all bilater-
N ally symmetfic patterns. Thus a folding test can show whether
‘ A ‘or-not a pattern has bllateral symmetry.

M’“’"

N : Act1y1ty B

-

Nt =

Norksheet §
Unit 14

Suggest-that each child fold -
Worksheet 8 (which is printed
on tracing. paper) along the-
line of symmetry of the bug,.- :
trace the half bug, and open

. the paper, - o T

4

an

WHAT DO YOU SEE? (A
whole'bug,) .

IS IT BILATERALLY SYM-— ’
METRIC‘P (Yes.)

- '*How DO.YOU lé\IQW'P
(By the folding test.) "

Note: Worksheet 9 is traéing

paper without a printed pattérn.}




,
S -
IS - w7 . S e .
B . . X v e
. -

. Dis€uss w1th the class the following 1deaS’ The dotted lme is

T \ the line of symmetry of these patterns, For_ every point on one

: . S side of the line of. symmetry there is.a matchmg point on the'"
other side. There is a kind of balance:of the parts on each
side, Each child may make any bilaterally symmetric de51gn
he wishes on Worksheet 9 using the fold-and-trace technique.
If some child does not spontaneously fnention .that the patterns
160k the same from exther side of the paper, suggest that they
. look from both 51des and descnbe what they see,

. ~

. Act1v1ty C - N . o

“ -

Worksheets 10 and || should now be, completed, The work= X
- sheets are designed to remforce the concept that all points of . -

the pattern occur in pairs of pomts ‘that are equldlstant from

the line of symmetry. Again, the children shotld not be ex-

pected to verbalize this concept but simply to use it.-

i

i 1 L H § 3 £ i [ I .
e Worksheet 11 -
'ork"{:.t 10 Naxe = init 14 Name
gy - . .
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L B T The left Y is __units fron the line of symmetry.”
- ,' " e T o . The right W is units fron thesline of symmetry,
. ¢ . A . . .
“I +« The area of-the left side is__ square units. .
R ’ . . . .., * The _left ‘u unlta fron the line of symmetry.
R o e WA LTy
”T’he/aral ir— the right side 18 oo . square units. i The rlsht‘xs units frod the line of syTzesry. ‘
- e / P * - )
N o e lott @ 1. units from the line of svmetry,, .
- e - . RS :
/ ’ the rient @ 1s_.*_ _units fron the lire of symetry,
. -: - [p—— up e - - - o ™ e ’
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Lesson 12:

“MIRROR TEST - - e

In this lesson two-dimensional patterns and three dimenhsional
- . objects are tested for bilateral symmetry with’ mu'rors The
lesson probably wxll take two class periods.

.
AY 14 N ’ !

MATERIALS. . L L 3

I d . —~
" . . .o : ’

— Worksheets 12.and 13-~ -~ L
— - small mirror for each child ’ _ oo-

— larger error (if necessary, this may Be made from two

small rmrrors) \

— calds prmted thh numerals 0 through 9 and the capxtal ;
" letters (optzonal) . o ,

- assorted small sohd obJeccs to be tested with mirrors |

— Mirror Cards, Elementary Science Study, 108 Water Streeet
Watertown Massachusetts 02172 (optidnal) '
[

. ~

PROCEDURE

Activity A - ' %

Place Figure A so that the class.can see it. Have a child
‘hold the larger mirror on the line of symmetry of the figure
and tell what he seés as he looks into the mirror. Either he
or a succeeding volunteer should realize that he seés the
same pattern with or W1thout the mirror. -This is andther test
to show that a pattern has bilateral symmetry, This demon-
stration is intended. only,to»shUWtfhe};eneral procedure. . The
('hlldren will learn much more as they use the1r own mirrors.,

N

Activity B ' A » . ..

sze each child a small mirror:and Worksheets 12 and 13, You
may also wish to provide ‘other patterns such as sets of numer-'
al and letter cards. It is important that each child be.alléwed
to make his owh unhurried investigations of the patterns, How-
ever, a brief reminder of the mirror test is in order. If thére
exists a position for the mirror that will give a view of the pat- .
tern just as it was without the mirror, the pattern is bllaterally

o

, .
. L
N . -
« - /




A : . o, T ..
. « . b b

. . . . : ?{orkaheot 13 . - M
Norksheet 12 . Neze | vete s P Naze . .t

. Look &t thess nictures with-a mirror. o
Look at these pictures with & nirror. Are-thev b!laferallv svmetric® . ,
Are they dllaterally symetric? . -

av

UV PO —

" symmetric. The.‘line along which the mirror is placed in a suc- -

. cessful test is a line of symmetry of the pattern. Some chii-
dren will find designs that are symmetrlc with respect to more
than one line,, . - SR .
Many children are fascmated by the M1rror Cards prepared by
the Elementary Sc1ence Study. The cards maké a good addlt_lon

..~ to this-lesson, : o

Acti'v'ity C. ~.

. Show the class a two-dimensional symmetric pattern or p1cture - .
T (Figure A on page 76 ¢tan be used,) y

e HOW CAN WE TE_ST THIS PATTERN TO SEE IF IT HAS“BI-
LATERAL SYMMETRY? HOW CAN WE TEST IT ANOTHER-
WAY? (Wlth the mirrdr test or foldlng test.)

5 . v S




">‘ H s

Demonstrate 'the two tests, An explanauo'n of the tests is
Napproprtate af, this point,. but ordtnaley the children should not
be-expected to verbalize.the explanation, You can present the
substance of the fo‘llow1ng paragraph, which although not com-
pletely prec1se, should gtve the ideasof btlateral symmetry to
most of the chtldren

/’Every point in a btlatera\lly symmetrtc pattern has a partner on
the other side. Each _of the points in a pair is the san4e dis-
tance from the line of symmetry., This is the reason that the
polnts of the two s1des fit together when the pattern is foided

~ and also the reason that one side ‘of the pattern looks ]ust like
the other s1de reflected by a m1rror

Activity D - .
Show the ¢lass a btlaterally symmetrlc, three-dimensional ‘'ob-

ject, such as a vase, abdoll,for a plaque

PR [T
A

DO YOU THINK THIS IS BILATERALLY SYMMETRIC? CAN |
'WE TEST IT WITH A MIRROR? (Yes.)

-

\ Make the test“with the Iai*ger ,mirror. ‘ L .
\ . CAN WE TEST IT BY FOLDING" (No, solid QbJ:eCl:S can’
A not be folded.) : . . //

3 .

b ' <t Y

b e

Provide a number of small solid objects for the children to view
K with the small mirrors.” Posgible objects could be plastic' toy
. figures, blocks combs, flowers, and parts of constructton
sets. They may alsd look at their fingers, hands and feet,

. |

Actnnty E- (Optional)

T

'

\ Some unusually perceptive }chlldren may be 1nterested in a dlS-
. cussion of the'plane of symmetry of an obJect Whereas a bi-

laterally symrtietric two- -dimensjofial pattern is made up of

- pairs of points that are eq[rdlstant from a line, a bilaterally
v

symmetric three-dimensional pattern is made up of pairs of
points’ that are equidistant! from a plane The plane of sym-
metry divides the obJect 1nto two similar parts.
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Lesson 13; KEEP THE SYMMETRY A . .
¥ ‘ .

The gafes suggested here p!rovrdc/further practice with bilat- N

eraLly symmetric patterns as well as the fun of creating designs.

-A review 6f rotatlonal}y symmetrlc patterns anhd repeating pat-

. ternssis {mclu ded. .

" .l ) T X ! . R K .

. MATER'I_AES \ T s e e "
- ’ ) . ' \ ' > - - ‘ * ' .

N . _ - propeq blo"c;ks‘ <o )

-

i

-

e

. pegboards L S

D .= small obJects such’ as, paper olips, stlcks, and ‘counters .
- colore[d chalk ’ T . .' C - S
e - graph paper E '

T = m1rrors .

e PROCEDURE

; o "7 The games (Act1v1t1es) outlined Beléw are 51m11ar 'to. thdse in -
- ¢  Lessons 4 and 6, and hence the children should need nlya
. : " brief explanation of the rules before they play. Ihey should Ce
, be encouraged to experiment with modiflcatlons of the games o

. . © ey Ny * )

The designs called for in the games'jh‘ciy~be made mth property  ° .-
‘ blocks or-any small objects such as‘paper chps, stie s, or
- counters; they may be made with pegs on pegboards, r they
may be drawn w1th chalk or crayon, The duration of a game

terval for a game All the mes may be played now,
\ i may w1sh to use C ‘and” D ay;er Lessort 14, .-
L. ¥ . ! o . L
SRR Act1v1tyA . SRR s

s

r

~\.«"‘\q . > -
o~ ]

]

} What's Wrong" _One ch11d or team designs an 1mperfect bilat-v

erally symmetric p\ ttern, ’I.‘he other child or team alters the °

pattern to make 1t 11aterally symmetric . N
- K . -’ N * ' : ¢ f

If chlidren have di flculty in making the imperfect fpattcrns, ". B

. ) ' suggest that they secretly make a symmetric pattern and then' P

5 - - . t .
R 5 " ’ 4 - ;. -
' . r . A . ) s
- . RN . - . s N RN AT LR S 3
- . . - .
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: Activity B~ - ' . S

chahge one;or two elements, An ei(ifniple cof an 'inéperfect pat-
tern anc]..the corresponding symmetric pattern is: s’ketched o o
/below“ : .

L
Fa

%
Al

" Change It. One child or team rngkes a bilaterally symmetric
design. He then-.specifies a rule By which the other child is ‘

" torchange the-design., The purpose and procedure for this game y
is more fully ekplained in. Lesson 6; Activity B. The sketch '. Coe
below shows a possible transformation, Rule. A-—-——} D h ‘

DOAOD > ~>00, D‘Obm\ KRN

§¢

Act1v1ty C . i e L
. Match the Mn'ror Image. Two- chi;ldren ‘take turns in élrawmg '
. ‘parts of a bilaterally symmetnc_pattern on a.grid., After each
:addition the player checks the pattern with a mirror, If the ‘.

'pattern is correctly drawn, the mirror ifnage of one side is.
1dent1cal with the other side, . ‘
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. Aciivity D .

. Keep the Symmetry. Oné child starts with an element of
L - ' -8ign, e.dq.. ’ o * ]

a de -

\ -~

—
’

\.. R \' ; ‘
\ h !
He says, "This is part of a Bilaterally symmetric d

C e

e
sign,

Finish it and keep 'the symmetry."™ The second chif\.3
pletes thé design, e.q., ‘

1(}com—§ ’
- |
' !
e - - : / !
‘. : / . 7 S
. » . s o . f \
, ) . | ( . Y "
» - oo .,
Y . - P o e s
R . . i

The first child may requesr « repeating pattérn or a rotationally °
X . _ symmetric pattern instead of a bilateral
* : & AN o

1€ ( ally symmetric pattern,
.. Then the completed patterns might be‘{,f’“ ’

1
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>
o

e,
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.~ Iesson |4: DRAWING.PATTERNS
) 7
i " R i
. In this lesson the children conplete, cdlor, and draw bilater-
/ ally synm metnc patterns on grids, | These\ activities call forr
i [ somewhat more precision than thelart activities suggested for
' . N , this section, } “
. " 7 MATERIALS
. \ .
= Worksheets- 14, 15, 16 and 173
. 7 v % "PROCEDURE .~ i ' .
_ b ) . ’ |
;“’ . ' Workshceé 14 and 15 é&re self—explanatory. e child should
[ discover that parts of the pattcrn can be located by counting
squares. e may make any bilaterally symmetric design he
wishes on Morksheet 16, Any :}md of sy~metric design may
’ { .. -be_madc on Worksheet 17, - . .
\ . .
; £ Torkehaet 14 . ieme e L'on'lhnt 5 rane m"\’ 'v o
‘ ; +.Finish the plcture. Make it bumhny symmotric. | Fintsh the pliture. lake it bun‘ razly, symotric.
. . A ' , . ' ¥ , PR S o S ,...m e
c . CHE - ZS SN U S R I S . : r ; ) g !
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- Lessoh 15 WAHAAT.EI_N,DAQ? SYMMETRY?

The children here 1dent1fy and test the three types of symmetry
considered in Sections I, 2 and 3. Tris provides for both eval-
uation and further learnmg.. , . :

MATERIALS

— an assortment of objects pictures, and designs to be tested
" for symmetries, Some of these should be similar to those
suggested for Lessons 3 and 9, Examples of patterns dither
bilaterally symmetric or not quite_ bilaterally symmetric are
a kKey, vase, picture of a face, toy plastic figure, insect,
" leaf, flower, design from a magazine, ruler,” and fruit.

s

L= examples of the childfen's art work from this unit

PROCEDURE

-

H‘ave a selection of objects, plctures, and designs on the
shape table. Examples of the children's art work from this .
unit should be included,  The ch1ldren may wish to add to the
collectlon later. . :

I
Allow fche childfen to investigate and tell about the symmetries-.
of objects they choose from the coilection, They should be’
"able to apply tests to détermine symmetries about which they
are in doubt, Some patterns have more than one kind of sym=
metry, but a child should not be requlred to identify the pres— ’
. énce or absence of more than one,

Review with the children, if necessary, the various tests for
"determining symmetries, ‘ :




' ’ " - - - - s @
N

ART ACTIVITIES FOR SECTION 3: BILATERAL SYMMETRY.

A number of art activities are suggested here to reinforce the .
concept of bilateral symmetry. Use any selection of them any
time after Lesson !! has been completed.

ERIC

[Aruitoxt provided by exic [




"Ag:tivity A: Abstraét Designs , . v

I. Have the chlldren cut out 2 or 3 shapes from the 12" .edge
of a sheet of 9" x 12" colored construction paper. Make
sure the cuts are on the 12" edge not the 9" edge. i

*

.

. 2, Put the shapes aside and paste the sheet down on a N____.__-———j
12" x 18" sheet of contrasting color, e

JESENE S o
e - e e +

_———~———'f“‘””’.

- 3. “Take=the cut-out shapes «nd paste them down on the
opposite side of the line of symmetry in a flipped posi-
tion. Good color combinations are blué paper on yellow
green on orange, or black on white. -




. . thc—:c‘fggl;gg,t,h,ey,may—p paper over a pegboard
———"and punch through the paper over a hole.

LR }

Activity B: Making Dgs,igns by Punching Holes

. 1. Using pencils or pointed sticks, punch holes in a
sheet of construction paper-to make a_pattern exh1b1t1ng
b11atera1 symmetry. If chlldren have trouble

" 2. Mount the punched sheet on another sheet of constructioh
paper of contrasting color.




Ac'ti’vity G: 3-Dimensional Designs \ ’ PR .

u ' ‘ Materials used for ivity include assorted objects such
/’G’S’yéﬁ',’_s?cﬁ;’so":r:nos pebbles, and dime siore ]ewelry

) You W111 also need white all -purpose glue ané colqred tag=

board. . -
|. Drat a line down’ the center of the tagboard . S ”
s - -
-2, Make a design 6n one half of ‘the taghoard by gluing _ e

" assorted ob]ects on it.

L

3. Repeat the procedure on the other side, to create a bi-
laterally symmetnc pattern, . . Co

=R

«

Y
L2

B - -
JAruitoxt Provided 4 .
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Activity D: Making A Turtle

e e 1. Draw a rough circle on a piece of constructlon paper.
Design a turtle shell with bilateral symmetry. Color

its spots and the space between the- spots. a

b el S .

e

2. Cut out the circle, then cut four slits as-indicated by ~
_ ' _the dotted lines. Bring-the-edgesof thie slits together,
ey -7 , " "as indicated by the @rrows, overlapping them a little.

: Tape, staple or paste the overlaps in place.

3. ,,Lraw four legs, a head, and a tail on piece of cohstruction
paper. Cut them out and glue them under the shell of
the turtle.

»

“é

Fd




Activity-E: . Stand-up Animals ‘ . T ) -
|. Fold a sheet’ Of paper in half. R
N e ' ‘“ R
’ 2. Draw an animal in such a way thatlthe top of the draw- N .
] ing c01n01des with the folded edge Color the drawing.
T 3. Cut through both layers of the drawing, turn over and
- \ . color the other half of the animal, .
4, Paste the twc’) laye'rs of the head together When ‘the
[ ‘paste is dry, the legs can be’ spread so that the animal - ,
will stand. The chxldren can make a farm or a zoo w1th . A
s S s S S ST THReSe animals., T ‘
. S
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Activity F: Three-dimensional Figure

o

&

.

2.

Ay

'

'

Cut out hearts (or other similar shapes) of various sizes’
and colors, . T )

Fold ‘a large _ﬁeart down the middle for the body. Fold

.smaller hearts in similar fashion for othe‘r.body parts

(head, beak, etc.)

Paste the two halves-of the head together, catching a
little of the body between the layers so that the bird will
stand well, To make-the wings, feathers and tail, use
smaller hearts pasted on in a bilaterally symmetric pat-

tern,

»
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*Activity G, Braxer Prints ~

Variation . ‘ .-

2

Materials used here are a brayer a piece of glass, water-

base pn_mer s ink, newspaper and newsprint paper-for makmg
prints,

|.” Find natural symmetric objects, * Leaves, grasses, and
weeds usually illustrate’ bllateral symmetry, Bark often
" shows repeating -patteriis,

Y . "12. Squeeze a 3-inch ribbon of paint on' the glass and roll the
brayer back and forth over it untif the brayer is smoothly
coated with paint and sounds sticky. - Lay the object on
a piece of newspaper, and with the brayer ink the surface.
Do not app,ly so much ink.that the spaces are fllled\l .

3. Lay the inked ob]ect face down on clean newsprint or. :
constructlon paper and press down with either a clean
brayer, your fingers, or the bowl of a spoon, Children
often find it easiest to use their fingers, . *

«
3

e

\
Place object t:mder a sheet of newsprint and roll flrmly over
it with inked brayer so the image comes through.

W

Y
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o Activity H: Mobiles ‘¢ ! - /- v
.y = . y . t } .- / ] - >
T Use construction -paper, thfead, and doWels;or wire |coat
, > ° hangers for this activity, . ' / ]
) - . . b -
a l. Pold constructlon paper in half and. draw half a"b'}rd or ,
butterfly, using the.center fold as the line that divides
the’animal. Cut through both layers Lo )
. 2. Sucpend the \a\mmal by a thread through 1;5 center and ;
tie. to a rod of\dowelmg or a wire, coat hanger. Mobiles
may be made oft several dowels and many(‘?uspended oL e
. paper figures, as\shown. . ‘ . o]
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e 'Act;mty I. Rubbings 7/ . J' oo Sl e e e
. ¢ . : / ' . - . * ) ”
.. - T You will need newsprmt crayons or soft co\'npzessed charcoal a
LT ' and objects thh raised pattems. . L . ‘
* : ‘V - " ;‘ .
. ¢ =Y 7 1. Find objects with, ralsed pattems exhibiti Sg bxlateral symmetry e
" . Leaves and weeds are e,\cellent for Yubbi N o ; :
. o ) 2. Place the newsprint over the obJect‘and rub, the pﬁarcoal or. .y .
- ‘ crayon- flrmly ovér the paper. \ . . .
» / - i . o .
3. Mount the rubbmgs on a p1ece of corrstructio\'x paper for -
S Lo dlsplay L o ‘ B v
| * The same techmq_ue car be used for other types o symmetry S S
o " s A brick *wall or tile floor give good examples of trafslational. PR .
L symmet!ry A bracelet opened flat has a repeated pattern a e
. . brooch may. exhibit rotatjonal symmetry ‘ -

L4
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‘Activjty J: Paper-braid Clown

I. Cut s.trir:ws of colored construction peper 1" x 18"
. * ' . Y - ’)
2. Paste opposi’c'é“colors at corners‘at‘right angles.
‘ -’ \ >
'3. Begin folding ohe color over another to make an accordlon
pleated braid,

£

'‘Make 6 braids.
-:5. Glue one brald into é‘Toop for the head Attac it fo the
body. ! .

6. Attach arms and legs g

- i

. 7. Make a smali _paper cone for .a hat

-q‘

Q

»
Aruitoxt provided by Eic:
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:Activity,K: Curye‘Stitchinij ST : - . ~

<
., Mateérials used are yarn, yarn needles, and light-weigltt
. tagboard, 9" x 9. Co . .
“§." Meark tagboard into quarters, .

2. Mark slong lines 3t 1-inch intervals, Label X~'axis with = .

. letters and Y-axis with numbers. . ‘' co-
l* M . - " L ;
C P ~ ,

X
4]
p O
©
X

teF Gy
U . T X

.

N ‘ - - N

3. _Bef'ére. starfing the stfitchir‘;g, the_.c'_hil'dren'\shoﬁlq poke a .
.. ‘hole.through the -tagboard with the yarn peed}e at each :
) : - .marked point, - L o

- ai4, {l::fe'gin fst'itching from_t’he;back of the-tagboard, .-Knot'i}al'n,
o then pull needle angd yarn through .. Insert in E and come
up through F, Demodnstrate the stitching to ‘the children.

‘- __ _ andhave them follow_you-s:ep-by-step. — -
2 . Lot . . " . L .- . ) :
- ; - . : - '«.‘ - ', - ' ( - . ' .
- ) l'ﬂy - \ e T
o Lt . ‘ o . }-‘ oo Ao . !
8 e o . l 3 ’J"’“" “ ) ’
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. LR . YL & . |
- * I ) . |
. Tw - |
. ' \ e L, R . . ~,
5. Continde sewing turve by stitching from R, over to' 2, up
, through 3, and ovVer to G, up through H, and over ta 4., | .
R : [N ~ . AT A LR
* . - . . -
19
. . N
v o~ - st . . "
T . ’ .
LS S .
o N L
’ N . - ‘. - " “ . . ) : N
.. 6. Those children who .did not have trouble with this may - o
R want to do anether section. -Number along the lines, as
shown, Then stitch next curve as™follows: H to §, - e
6toG, Fto7, 8toE. o° !
) - - = 4 ’
" 0 N .‘, 3
h P
- h . :,
L) . T - f« .
. v . - —:«r
’ x " ’ . e S N
. S, v ¢ - Moee ’ ’ i
-, 7. Sew. each quarter until pattern is made. S
- , v N . . N . L * ) . . ‘
Loe ’ o
. -
A - ! *
o - < - ’\" N » -
.o . . i
Children who grasp the l-to-] cbrfespo‘hdgnce in this activity, |, -
. . may want to try curve-stitching other ‘shapes such as a~tri§ngle . .
A or a hexagon . They may use different colored )
yarns. in a symmetric color pattern, . L AR .
- P | ' . . 97
- . ) SR : ) ,
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« ’M J
MMMETRY IN SOUND ‘AND _MOVEMENT .
AN ” . ’ - -J" > - 4, A
e - In addition to the visual symmetries they have been studying,
2 . Y
: . fifst graders W111 enjoy discovering Symmetries in the things )
& they hear around them and in the things they do every day.
s . ;I'ney might note that they walk symmetrically. There may be.
R A repeated patterns i1i some class recitations. There are sym-
. - metries in their addition charts. Some stories, such as "The
— Little Red Hen," have symmetric structures and repeafed word )
- . patterns. Symmetnes of many sorts can be foupd in most .
-t , ., poetry and.in music.’ L - .
" .!:‘ - . - K3 - . Pl -
- This sect1or‘1‘“nas subd1v1sxons accordmg to subJec't mabter ’
‘ - rather than by lesson, in order to help you look for symmetnes -
A “‘Whenever the opportumty arlses '
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* SYMMETRIC MOVEMENT =~ '«

.. Many games and physicalt education activities involve sym-=

«- metric moyements and patterns. As you guxde the children m
anaryzmg them you might find bilateral syinmetry, rotauonél

: symmetry and epeated patterns. Calisthenics are espeCLally .
,symmetr,;c. These activities are ‘often done to music (e.qg.
"ChickenPa‘t") . This serves to rexrlforce rhythmic perception.

t s

A child who' has studied.tap—dancing may want to dem_oristrate

@
-

-~

for the class., : . “ s .

R

Rh thm Band

-

L]
-

Percussion mstruments serve to t1e symmetr‘c mo«vement to
symmetmc sound., The, sxmplest activity is marching around the
room while playing the rhythm mstruments. Some children who
.. can skip. might do so while other ¢hildren try to accompany the
» skipping rhyghm with tlieir instruments, °y '
* It is much more difficult to count a'rest than to count a beat,
_but first graders should be able to accent every third or faurth
"beat with a triangle'or a cymbal. This a'c‘twrtyr'v?ull~ helpsthem
dlstmgulsh between stressed and unstressed syllables in '~
poetry. . i

y . 'u

‘Clapping

<

.’
£l
<

..

~

-

1-2-3-4, -When they .havechad suff101ent practice clapping ‘in
"_.unison, have them clap patterns of _increasing difficulty, such.

The simplest rhythmic patt‘erf\ the chilhéren san clap is a ‘regulér ’
-~

*

..

as those below.
by the > sxgn below the note.. . . !

hd NN ! * « . LI

- .

The last 2 rhythms call for stress as, mdrcated

By




After the class has had %nough practice in ¢lapping these: - .

rhythms, have some volunteers try to représent the rhythm on
the board, This ties together tbe idea'of a rhythmic pattern
and a visually repeated pattern. Any notation system a child

.

tfollows' - . ..

/——/——/——/-——/—-—/-»

devises is satisfacCtory if-it visually records thé'repeated, gat-

tern, ©ne. method might be to use a. long stroke (/ ) for an
accented beat and'a dash (=) for an unaccented beat, The
length of the dash could 1ndlcate the duration. of the Beat. -«
Thus the last two rhythms g1ven above mlght be recorded as ’

B s e e
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® Have the children clap the rhythm of a poem such a$ "Pease '
X . ‘Porridge Fot. " . Some pairs of children’ may be able to clap -
' : complicated cross ~handed patterns. T - .
o ' Pease poiridge hot, '
= - Pease porrtdge cold . P
..’ . e ) " Pease. porrldge in the pot .
o ) Nine days,-old. I a )
] 3 . T .’.. ‘ . '
a4 . [N L S, R
= . Some like it hot, . _ T
- . & ' N . o T s ‘ . ) : ., "
: . . _Some like it cold, . -- = PR : .
- . - St Some like'it'in the -pot, i ' - BT 3
i . i oo .. v T o "‘".
i ~-—-Nme days old L e L
3 . Pe 4 Other symmetries the chlldren may find in thxs -poem are the X
. . ) B . rhyming of every: 'other line, the repeating pattern of words in .
o the first three lines of each verse, and the repeated last line = .
.. ‘ »  of each verse, L. Co C- X SN
B Anot,her example of poetry rich in. symmetry 1s ‘"Over «in the =~ - | "
L e Meadow. " There is a parallel structure in all the verses; . :
- . Y - the number-of" Mother's little ones-increase by qne in each . T
. 7 of N
o : . verse; within the verses, the third-lines have- an inher re- -
) * peated pattern, and the first and fourth: lines, have an exact L
. N - repetition of the last parts of the lines; the rhymes follow SRR
e s an a~-b-a-b pattern, and‘so on, - _ . N
.T BN To-a < ) ‘; 7 - v .\‘\> - >
- vt e s e Mom—— ,._.‘._..,,- — e i ae® e it S oenmeopinn ~srllor - - e a0 s o i ._._G,..M_..,.,, .. _— PRSI S UL
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. P Over in the‘ Meadow' "

- i

Y

- " Over ia the meadow in the Sand in the sun ., . - ) ¢ -
Lrved an old. mother turtle and her_little turtle one, )
. /_D_l_g said the mother, We dig said the one,
So. they dug a11 day in the sand in the sun.. .

"

‘ ) Over in-ﬁme mea‘dow where the streai rung blue .
. Lived an old mother fish and her little fishes two-. —
Sw1m sa1d the mother, We swim said the two, . . ) -
SR So théy swam #ll'day where the s'tream runs blue. ) '

Over in the meadow in a hole in .a tree .
. Lived -an old mother ow!l and her little owls three. ) ' a
" . Tu-whoo said the mother, Tu-whoo said.thé tfiree, ' . .
So they tu-whooed all day in a hole in a tree. S

©

PRI - Author Unknown

) You will fmd some symmetrres m most poems: yo.u examine, gut
not\all poems d1splay symmetry, as the following lines of’ harku
. indicate: ) - ..

N -
¥ . : “__. ., - -

Tes T My Window is brokeén,

But I see, the moon thrpugh it,

. : And the stars, t06 ! _4_' )
MUSIC | iST o e ' T L s
g s ; A . » .-.' ) e , . PN
‘All music is ri¢h in symmetnes of many sorts. Any songs the’ e

children know can be analyzed for repeated rhythmic patterns
by ctappmg or using rhythm band 1nstfui'ffe”nt's‘““'rhe_m‘e‘l’od1es
can be: examxned to discover repeated phrases ‘The, book: of
simplé& piano p:.eces Copy Cats by John LaMontalne, istek-"
K cellent for demonstratxng musical symmetrres -

Ca

1 o
[ — e L T T U, Y

If your ch11dren~ are able to slng rounds they can_ 111ustrate B

“very obvious example of a basic type ofmuchal symmetry, =~ . ¢ % e

overlapping répeatéd- patterns [This is developed to great . .- )

. complexity in the fugle.) W& have printed "Row,. Row, . Row * . "%

"+ your Boat" in such a way as to: emphasizée the patterned entry - '

of another.group of voices e’very four measures .Even thoughp ),gf SR

* . . most first graders cannot read music, it should be easy for - . o

.them to- spot the visual symmnetries, especrally the groups of
three. exghth-notes for the word "merrlly " ’ .

PR . . .
- . A i . « B .
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ERESEEN OTHER INTERESTING PATTERNS ‘

v

’

CR 4
The scientist proceeds with the assumption that nature is ba- \
sically orderly and symmetric. His taskis to find the order and
symmetry, The artist, on thie other hand, creates his own pat-
terns 9‘f symmetry,

) - / . . ) ;
In this section, more complicated patterns'are examined by the

childrern,

v,

*

4

@

metries already familiar to the child,; but most do not.

The

Some of these. may possess one or more of the sym-

" section is intended to sgrve as.an open door into the realm of

A

,patterns in various dimensions.

o 105

unusual symmetry/for the “child and, as such,

should not be °

construed- as specifying well-defined objéctives,

-

-~

»
.

-

s

“

The shape of a crystal exhibits symmetry, but often its sym-
'metry is not obvious, One may infer order within the crystal
from the -appearance of the exterior faces, but this is a rather
sophisticated activity, more suitable for older children. A
honeycomb and a brick wall display translatiénal symmetry
-of a type discussed in the untt commentary The pattern of
brlcks in a patio-floc+ provides another example, =-A pyramxd
~of oranges or grapefruit, as seer in a market, has repeatmg
Observation of such patterns
stimuldtes children's*thinking, but the teacher should at all
times refram from trying to dr1ve home points by mere tellmg
. 4 : Lo %

Creatlve art is rich in patterns of shape texture and’ color
Even in the absénce of clear-cut, symmetry, the child may’

.still sense harmonies of many kinds and not be at all able to

describe ‘his 1mpressmns or enjoyment of them, .

This section is not divided into'lessons.- ‘Use the parts in
any order and with the emphasis that you wish. .

.

Hebrew Cone

N

»

A

a

e




Different. patterns . * SN o e .
* i . Have the class observe f’ome objects that haveﬁ‘symmetrres of )
A N - typcs other'than thgse considered in Sectlons '2 and 3, - *

: < This group may m'lede sea shells leaves,, nests and &b- o
seo ‘7 .. stract de51gns. Alloav the chxldren to find basic syimetries,

: . but at the same time ‘encourage them to: search for-other types

: o of balance, proportxon or any ‘other quahty they may consider

to be-associated-'with symmetry .Discuss the findmgs without

o requiring precise descnptlon. Lo !

~

.
@’ * o

. -
. P

Ceram Vase




‘c" [

e N oy stals . TR ! .~ oo

~ . L i‘ "o o : }’, ‘v;,’. Sl
Lf large crystals of any kind are available, ‘by all means have .
°the children observe these: carefully An alternative is to work .
w1th ‘small crystals such as sa‘lt sugar, or epsom salt, using .-
a hand magnifier, Rock-salt crystals can probably be ob-
served without magnification. Youjcan show the photographs
~on the following pagas and later place these'on-the bulletin -
board They are magnified v1ews of % “gable salt, quartz crys-
Ctaks and a snowflake, N N
~ - . ‘ ‘r . i
of the crystal specimens.and of those sho‘{vp n the photos.
Ask&he children if they know of other crystals to be‘found at
homé or elsewhere. oo 8 e) . e
> ‘ ." e 7"
Most chxldren witl not realize that snowflakes%are groups of =
tiny ice crys'tals JAn individual” snowflake as flat he><agonal
in form,.and di‘splays rotational symmetryrmnery of snow-
flake photos would show a wide variety o forms, all with a

-

bas1c hexago.nal structure, . %

%

Elicit. from the children their views of the pj‘sible symmetry e

w

. Children will enjoy creating their own snowflake des1gns by
.cutting a. sheet of paper folded in a special way. lhey "will
be.able toclearn to do thlS tollowing instructions; provgded - :{‘

. youf ave the time to repeat the instruetlorrs a,number of - .
times or you»may wish to prepare & folded sheet for each '
child, ready for sc1ssors work. ° . »oe

-
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' . Making a Paper Showflake - - .

- .

¢

- *

.- upper and_ lower portions loosely and

Fold a sheet of 82" x 11" onionskin
or bond paper in half." N ' ]

By bending as if to fold the sheet in
half again, find center of folded edge
and mark with a small crease.

A ~

With the paper still folded in. half,
fold down the upper section, start-
ing at center crease on folded edge,
to form a 60° angle.

————

. 3

Next fold the bottom portion up in the
same way. You will find it very easy
to find the 60° angle by folding the

shifting them against each other to-
<bring the edges .in ling before you
crease them,

-

Now fold under alorgg the dotted line.
> - .

(5

[ K 1

'R




The pattern on the snowflake-is o
made by cutting notches of dif-
ferent shapes and sizes along
the folded edges,

o

it is always a surprise for the
children to unfold the snowflakes
and see what patterns they have
made, b

¥ 4

After the completion of the snowflake activitgz, ask the chil- »
dren about the symmetry of their snowflakes (bilateral and

rotational symmetry). Continue with fresh pieces of paper so ,
that each child may make one or more additional patterps. 4

>
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Honey,comb and Brick Walls

“This portlon of the section may be taught using, for illustra-
tion, either a honeycomb pattern or the pattern shown by an
ordlnary brick wall, if you discuss the pattern exhibited by
a brick wall, work with small blocks or toy bricks. The fol-
lowing procedure refers to the honeyco_mb . 2

Try to obtain an actual. honeycomb to show the children. If
th's is not poss1ble a good picture will bé most useful. . The
children may or may not reCognxze that the pattern shows a

of the comb is thé same as the mlddle or bottom surface of the
comb. )

Prepare in advance 8 or IO regular hexagons of constructlon
paper (using.the snowflake techniaue) or prepare 8 or 10 reg-
ular hexagons made of poster board by cutting along previously
marked lines. Have the children gather around a table both to
watch and to participate in the construction and manipulation
“of the honeycomb pattern. Ask one or more volunteers to con-
struct a honeycomb pattern from the héxagons by titting the

sides together, : 4

-
¢ he ° . ¢

"

Ask the children abort the symmetry of the pattern, Tell them
that they are free to-move one of the figures any way they
choose, They may need to be réminded of the test for repeat- |
‘.. ing-patterns. Some children will see that one of the hexagons
) may be moved in o = dirrstion along a line in equal-sized
steps to make it coincide with other hexagons. If- that same
hexagon were moved,in another direction, it would cover other
hexagons. Any cell in the entire pattern can be reached by
combining moves in these two direc¢tions. Allow ample time
for as many chlldren as pos sible to manipulate the hexagons
‘and to make the new symmetry test for themselves. They may
enjoy thinking about how a bee malges such a regular pattera.

-

8 - "M

3 .

. o ' ' 1)

kind of symmetry. They ~hould recognize that the top surface
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Other Ornamental Patterns

A} v <

The honeycomb and br1ck wall patterns are examples of.orna-,
mental patterns where a surfade is covered by shapes arranged
in a regular way, Other ‘easily observed ornamental patterns
are those in tile floors, wallpaper, arfd fabrics, Worksheets
18, 19 and 20 are ornan‘iental patterns for the children to color,

-

Paintings ' , T . 1

-

Prints of paxntlngs that show _varying. degLees_oLsymmetry can—-) ———r—

. “be displayed; Examples from Klee, ero Degas, Mondrian, ., ¢
- and others may be used Begin by showmg the children a

~ painting with.easily observableosymmetry and ask, "What -
does this painting tell you? Why do you like- Ft'? " This may
-lead to a fine discussion: of the symmetry-of the pai nt1ng The
. children should discover.the’ symmetry for themselves wheth-
er it be symmetry of line, shape, or color. The children may
¢ suggest their-own titles for each painting. You may continue,
\uslng examplés with less obvious symmetry.

. ¢ .

L

Give the children fhe freedom to paint or draw their own de-
signs, using what they know of the various forms of symmeiry.

<., ‘Pny noteworthy results should be enjoyed, shared aind dis-
cussed by the entire group . oo
Tl ? . . B .,

‘ “Sources of art prints include old magazines, calendars, cata=-

logues of various galleries{ and unframed prints from galleries,

Lyt Art Treasure Hunt s

PO

Encourage children to. bring in pictures clipped from old mag-

azines, Christmas and other greeting cards, ete., that they
« find especially pleasmg Ask them to tell why they like the
" pictures. . . >
Display examples of the best art ‘whenever you can., Change
the pictures 6ften and select pictures that express the craft,
lore and beauty of the work from many nations and of:all
people, Prints of masterpieces are now available in every
price range, so that it is just as easy to have the finest
works on display as inferior-ones. ’ -

113
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« .« | % TLesson 32: FINDING THERULE (ADDITION) . ‘ A
T o e In this les_so.n the ¢hildren are.to determine the opéra‘tion PR i
B . used in going {rom one number to another.. This gives more -

A 'Apractice_ in "findipg missing addends. It also provides back- v
R ’ - ground for mapping and function, concepts that will be de-""e ‘
~ww . .. -+veloped-in later years, ... L - LT
MATERIALY et .
N demonstration slide rule b .
. 5"‘. . ) -, e R ) - N .
e 'u—‘o@‘/linnebars”1 )
: - : — Worksheet 76 ..
.. """ PROCEDURE o - L
;_y\\: < . v N R 3 «
7 \\h\ LA, Write 3—=33 on the” chalkboard. Do .

T ~HGW.DID 1 GELFROM 3 TO 5 ? (You added 2 to 3..)"-

T e WE WL WRITE THE RUCEGVER Tire ARROW LIKE THIS:

SR, . +2 R -
N ) ‘ 3 . e - 'm\i
. .. USE THE SAME RULE TO FINISH THESE: - .
e ) . «‘ : . +2 oo 5 o
¢ : ’ o T e ~ . ’
S - 2 " '
e T O | — A . .
/,..-—"‘“' L . ,\\ ¢
-\ .. .- . - . * - o » . oy »
. ‘ ] — 5'—:——97 ‘ ' \ ‘
to @ -+ Have the children write the completed series on paper. Then
\ T " ~ask for voluntée¥s to complete the series on'the board.
Y v X
A Show with the demonstration slide rule that these pairs of .
Ve nymbers can be read from a pair of num\bgrﬁhlines when one has
- - been moved .2 units to the right of the other. This illustrates
Ce = that moving-one of the number lines 2 “units to the right of
. o the other corresponds té adding -2 to'each number,
. ! . o »

o~




"

L) . -

3

I B Wnte -thg following séries of number pairs on the board . L
i — - ) Y "‘ °
" - '_ i———)‘ =>5 - ° g
U . L
- i‘_ - em ) ' I~ -E 4"’ 'ﬂ ’ . o :‘ LN . T .
\ N » . , ‘ . . . . . ) .
Con ’ Te11 the ch11dren that in every pairyou use used the the same rule to—————
T e e ? go ~from~the~ﬁrst“numbe‘r to the s second number. T
i WHAT RULE"DID I USE? (+3) ' N
L _Have the children write +3 over each atrow in the series.
- . - } - ) Lot s, . L . i - .
_ .. It is helpfhl for children to see-this relation shown by Minne-
AN S ‘bars. Ask them to arrange the® Mmgebars to show the pairs . Vi
' T * in'the series on the board - ¢ - S
- . J : - M
s - ’\\ = L
{ 4 - = ) A i
- '. - "‘,\
’ . - ° L0 . L
+ b x 4 “ " . “y . -
] . B J ' S edE
. o - i * -~ . > ~
. ’ WHAT PATTERN DO YOU SEE? (The second bar in éach pair - ,O L
‘ o is 3 units longer than the flrst bar.) ' ) > .
C. Show the class a pa1r of Minnébars, e.g. . T l [j

Ask them to arrange-“some ofstheir bars in pa1rs usmg the same
rule that this pair illustrates. The chlldren can take turns in v .«
-writing on the board the numbcr palrs shown by* thelr bars."

-

- -
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. D.-Worksheet 75 has more series of this type. Have the chil- .
T dren complete these series. - . L. T

.

- ~ - . .
T . Y I - -
. "aw . . -
FA :,,, . t
. . - ' e -
o - B ) - )
> - ~

) ’ ' Warksheet 75, & .- I -
) - T ’ Unit #3 Name [N Pl . - .

- AT
o—

. e .

R — Back group has a rule. e, T

. L. . Write the rule over the atrgws. R . e
*», .

LN . . < TWrite the missing numbers. .
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Lesson 33:

-

Th1s lesson is an extensmn of Lesson’32;

¢

-
d

FINDING THE RULE (ADDITION AND SUBTRAGTION]

-

Again the chlldren

will determine the operdtion tsed.to go from one number ina
Both addition and subtraction W{ll.'be used,

MATERIALS

—.demonstration number line

y .
"PROCEDURE:*

v

pair to the other.

R

*

<

-

— Worksheets 76 and 77

A. Write the following
series on the board:

Worksheet 76

Unit 13,

Name _

Find the rule for each group.

-

'erte\\he migsing- numbers.

IS
Y-

6*—‘7‘—-)‘5 s—:.g-?s
-\ -2,
43 4 —=>
7__,.._)‘6 - 3__..—_) |’
' _| * N u_:2
9 ———>8~ 2= 0
5-3 —5
8§ —> 5§ $ —>0 .
—3 S '-—5 N
7 —d, rT—>2
_3 - )
fhe—s> 3 99—
-3 -5
§ —> |

FEN
-

N

- .
7;———9 . » N v -
. i
.

Explain again that the same rule
was used to go from each number
on the left to fhe number on the-.
right. Ask for volunteers to fill.

-2
ifl the rule ——3and the m1SS1ng
number, s

.
.

Show the pairs of numbers onthe; .
demonstration number. line., The
second number of éach’pair in the .
series is 2 ,units.to the left of the’
first number.

Usé as, many other examples with *~ -
a subtraction rule as you wish be-~
fore having the class complete

,\Qrkshget 76. ’ -




N Introduce. Worksheet 77 by having the class cons1der several

. ‘ . series of number pairs for which the appropmate ryle might be ",
either addition or subtraction. Be certain that the children . "
. realize that just one rule is used for edch series of number .
e T s pa1rs. Some: suggestéd pairs are; - ) . o >0
. : ° N . i . +6
6—-—)3‘ 7—>3 —>7
5w . o ) '/ . 6 ) . '
) . i i S - .
- e T . 3—==>0 4—=>0 . —>6" , o
. - ’ 4—>1 5—> —>9 ’
r EY *
¥ . . [ 4
S—> - P26 - —>38 .
’ . oot ¢
‘_‘.""“ . v . . ~
. ? ~ -’ .
X . \ . R y ¢ )
. ' . v ) . T
. ) | Worksbeet 77 | - J ) -
) Unit 13 ' Name v
. .
. C N Find the reletfor each group, ¢, A .
g ‘. ) Write the missing numbers. . \ .
° LI . " .l
X +4 s +4 <
> 2———=>6 . 4— 34
- -1 1]
- o - » . .
a T ¥ A | —— + ’ ' .
' e . . \ | 5 A 3__4_>7
© . - - . Fl [y
- i . 1: . +4’ 5 - »
N - T, 3_.&:.) 7 . 3 7 - .
' . <& - [ - » «
\ ' E © 44 ' g *
. 5——-—->+4‘ 9 s— 9 .
) . ™ ' N ' > *
: 3 2 +7 .
18 ———> )6 x  ll——>1 ) .
- . 1]
- . +7 ‘ -
. = ”__2._) 71— |4
w! . s . .
* b - +7 - B
! ? 7 2 » 5 s—» 12 - ‘
2. . . +7~‘ _—
1} &S Is____z__) l | O — > 7 \ -
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SECTION 6 ADDING AND SUBTRAC’I‘ING TWO-DIGIT NUMBERS] L.

: jOPTIONAL) .
' - T ' Lo ' I _ y
_ This section reviews the decimal place value notation’and - U ¢
] introduces the method commonly used to add and subtract ' . 1
e multidigjt numbers. Only one- and two-digit numbers will be

considered, and nq renaming of |'s to IO s (carrying) or of
1%s to I's (borrowmg) will bc requu‘ed The material in
"thls section will be presented’ again in Second grade; there-
. : . fore, feel free to use only those activities which are suited ‘
: for \your class and for Whlch you havc time. R AR «

3 . — » 0 . -

’ . ~ ¢ - .

" COMMENTARY S

The Justlﬁcak/on of fmdmg 50+40 by "addmg 0 and 0.
2 . and 5 and 4" is that’ .

s . 50+40=_(5x|0) (4xlO)“(4+5) |0=9}C"I0 90 A

These steps mvolve basic prmcxples -of multlphcatxon with .
which the.chi ldren are not familiar. To-avoid the direct use ’
of multlplxcatxon we will develop the idea of adding multiples, ?
of ten by workmg with sets of ten, Thus, in these lessons’ . * .
. : thc children will be led to think of 50+ 40 as § tens plus * ° e
o 4 tens. e 3 .
. ' * o : ' - s 3
.k . We will also use a seét interpretation to infroduce more com- . °
a . plex probléms, such as .54~ 31 . The justlflcatlon of the
‘ common computatlon’él method for finding 54 - 31 would-
involve the following steps, Wh1ch~of course should not be
presented to first graders., !

. . ) . .
. . . — . / .

54- 31 = [(5 x10) + 4] = [(3 x10) + 1] . .
{(smo)— @ 10)] + [4 - 1] X s
¢ =-[(5-3)x10) +3 - ¢ ‘ :

R

£10+3 = oL
N o= 23 - . .

- ” B -
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Aruitoxt provided by Eic:
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.'NOTES QN‘*.THE TEAC HING O/F,TH'IS ’S’EC‘NQN' ’

. 3

* Bach 1esbon starts thh a qemonqtration on the b
an abacus. ~If is likely that some children will b

’ repea‘hng the demo'nstrated qxargples with their oy

&

The d'emonétratioris call for * sets of one " and "

The.set of 6ne is a smgle unit shape, and the sel
formed by joining ten unit shapes in an easily rec
muorm They can be made of heavy paper or tagboa
placed on a blackboard with sticky putty or-on a f
board., Some shapes that might be used afe sketc

°'¢

L N

afd;,and on. -
bnefit by
vn counters.
gets of ten."
-of ten is.
ognized .
rd and
lannel:
hed below,

-

3¢

\

Nine*unit shapes and up to mne of the larger sha
bo pmparcd in each of the designs sclected,

>

W

%

L

Y

es sh_ould'

-
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Lesson 34: PLACE VALUE NOTATION . 0 A
LN .. ! ) l . " s T, . T,

Thxs lesson reviews decimal place valu.e notation. A transi- )
‘ tlon is made from the word "and" to the saymbol + in expres-

*

. §ing numbers in. terms of sets of tens- and\enes. If a child '
- has muck difficulty with this lesson he should review thé.
, treatment of place value in Unit l I N
© MATERIALS  ° ° T
St v Ll - - . . ’ »
+ .. <= paper sets of one and sets of fef . R .
R ‘ : . ) . - 8
. . — abacus R cal ‘ .
v . i ‘-‘, X, - . )
- Worksheets 78 and 79 ‘ " IR
t ‘ 1 . B " . Al N
e . N ¥ . . . . ~v\.
P.RQC_E DURE B B $ ‘
v o o -
" Place 2 sets of ten arid 4 sets- of one on the board Guidé. ™
) ;f a discussion in which the children note that these are three
. -namés -for the number of unit shapes displayed:
c 2 t.ens'and 4 anes - 2044- . a4
W ’ 2 N i “
W1th the 24 shapes still on the board have 24 set ug on the
. abacus . Repeat the process ‘with various numbers until you
. .. feer the class is ready for Wo:ksheets 78 and 79. . .
- - . ’ 2
¥ . M RS . '
¢ ! ‘
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Worksheet 78 T e 2 ‘ ' - ¢ : LA
Ui 13 Name ‘ : . o '
< A . vt d . .
" Write names for the tpial number of unit shapes. ' - ) o PR ) -
. . . " :
. : : o
=~ ) o A Vi - . .:’
N 10 (] : 3 |
. ) .
- . ' © ¢ P 5‘ - » L] 13
- ) - . . * @ N
L tens-and. 2 ones 10+ _2 = _I2 ) .
7 - - - - . | M M N
—~ °x N ‘, - »v‘ .
- . 3 e
° N i - T v o 3
_ OO0 2 , O
: g
“ N N - .
2 tensg and 4 ones 20+ 4 = 2 § . .
- - Ly N ENET )
PR o | P . B
o ©. 1 /\..) . ’ r
& @a ﬁ; & ° 6 ©°.%} 7 P
" . . b -~ . Y
. o s P ot [ M,
. _4__ tens and _8_ ches ﬁl___ + 8 =748 0 ) . v
N N - - -
&&&&&c@‘&
-t I s -
* g - o - : N
7 teils and 0 = ones... - __9_4-__0__ =__79_ N " . ) ' l
— : - * . o ..
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* M ) 3 - 4 ° ¥ N " e
o\ : o S *
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. N Worksheet 79 ‘e . e - ‘
A (Y - Nl - .
; . . ~| Unit 13 Name s, . o
L4 < n . -
-, rite three names for each number. . . ..
\\ . ' ) ) . ’ IS
B . 27 . 2 tensand _7_ ones. 20 + 7
. . L .=
. V= . 560 S tensand O dhes ‘é?_ + 6
. v . .
. .
. ! 3 ro
. o~ s 13 . tensand _9 ones JY + _3_ .
. i * 36 . o+ 3 tens.and 0 Qne&,{ 0+ 0
. . . . > .
‘ ) : ~ ) T
* 42 <~ 4 tenstand 2 .
o h
' - ) 70 . 7 tensand 0 A
. r f )
A ’ -
. . , 81l 8 tensand |
. - +| ; A <o ~
. Q . [
« . ;. . 99 9 tensand 9 ’
. ~ . * . . .
. 1 59 . 3 tensoend 9 ones 30 + 9 ‘
% . N ’ 73 7 . Y .. 9
S . . . - » tensand 3 ones 70 + 3 .
w7 . - : 60~ 6 tensand _0 ones+ 60 U 3
. . - .. -
S N . 45 4 tens and _O .ones 40 + _S
. : o - N - - + ) : v 2 o= )
I - a ‘ N > ‘m - - *
. . \ . ] .'& < o *
< . : - 3 M “ .
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- o 194 C : 113
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) '\,w * + Lesson 35: SUMS AND ")IFFERENCES OF ONE BIGIT AND
_ T L .- "FWO=DIGIT NUMBERS ) v, . o .
N .6 o' o ) : ” ’u N . .
T . . In this lesson a ,ofe-digit number is added to or subtracted ot
Leeeo _from a two digit.number vy adding or subtgacting the one—dlglt _
number from the number in the ones place ot the iwo- dlglt <
v . namber.s L . . .- e P e
Rl ] \ ‘ 4 i ~ . -
.. MATERIALS - L ‘
~ . ) ’ . ’ _- ¢ . ' - & <. . ) B -~ ) -«' - -
. ’ ‘ - paper?ets. of-one and sets of ten  ~ T
I~ abacus . - T R ’
e '“ - about ten ?" 3 x 5" cards printed w1th comblnatlons such as
Che g 36+3,48+I,26+3, II+7,S4+5 93-—2,..~\
I 74-3,88-6, 17-7, 46-0 T C .
- * — Worksheets 8C, 81 and 82 L : ‘
. PROCEDURE S 1) '
M “ o, R o .:. . o -‘
. " »: .A. Use your paper sets to demonstrate the following broblem;
ot s . .. . First consider the sets separately, then jéin them. ] e
» . e - 8 ' . R -
Co o L O

4 A

. . t. - * .
a - .
- LI e .
' © : - . . L N - . B
’ ¥ o : ) ‘. ' \l 'D ' D D‘ ) ‘ ‘
-~ { . Cee ) st . .
.o § ek . . . - " :
) . . .
.

> = ) * d‘ k<Y ) A} - N\
- I « With'the above proolem still displayed, ‘have someone setup ° o
-, 36 onthe abacus_and' then aad 3 to it, Coe -
* Repeat the actr\nty with other sums and dlfferences not - -
v e ‘ reqmrmg ’rcgroupmq (rarryfmg or borrowmq) oo * '
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.
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B, Individual practice in, flndmg sums and dlfferences on the L.
abacus is appropriate here, When you think it will he helpful .
prov1de a child with an abacus and problem cards, . L.

C. Worksheets 80 and g1 contam prc;blems s1m1lar to those of .

: " A ahd B in a vertical form;"“ You may 'wish to do oneeor"two‘ T
o problems as a class activity and use therest for,mdgvldual -
. practice, Worksheet 82 allows the children to-apply the .
- /methods of the.desson to word problems L . i )
N - NOTE: Worksheet 82 shows, a seacéw or Manatee eating a LA
water hyacinth. These aquatic mdeals live along seacoasts i
. and up river inlets; - ,
.- ) -'.‘».
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Worksheet 80 .. Wdrksheot 81
) Unit 13 Name Umt 13 Name A
. . ) . Jg Y ‘ ) . N R . . 2
Find the sums, .Use the number Hne if you need it. Find the sums.  Use the number hne if you ne ed it,
. - = = .._—-'-"”/’4-’ . .
o : N e e T 1 L25ew .y
30" ¥ 6. 36 -f 50 ¥ 1 51 . i
5 .3 es a4 1o pi
& “+ 3. + .+ + A ’ 2
|| e T3e .} 5045 55 1y 4 8
R o . ol -
: . . 1o
N . i . b2 18 .
80 + 4° 84 90 + 4 94
3 3 2 2 s t A
¥ “+ R + 2. PP
y I 64 19
80+7 87 90+6 96 y .. -
. e . LIS
~ -y - Y
) - , . 3 37
60 +°5 65 60 * 6 +66 )
: L v 2
+ 44 + 4 + | + 1 ¢ 53 39
60+ 9 69 60+ 7 67 1.
. Toef.
. - - 95 24
. o . i .
. - 50 + 0 50 30 + 2 32 ‘2 -
+ 3 + 3. + + .6 *, 97- ¢ 28
5,0 + 3 53 30+ 8 38
—p—y s S } $ '= ! 4
0 | 2 3 4 5 6 7 8 9 . 0 5 z 3 .
— _ . .
v . .
*, a : ’ . -
e N - LI
. Worksheet 32 i
. ; Unit 13 Name
¥
I g 2 g
K O o e
b \; 1 v l’r
* \ Tony and Sal looked at a’'seacaw in a'river.
. . They saw 1t eat 1S plants ot
. « ho,n I \h«-n ‘they* saw 1t eat 4 more plams .
« Jow many prams did.they s eat" .
I 5 + 4 = I 9 Ve N Y
s, ¢ :::_";, £ ¥ A | N “ - 0 “F‘ ¢
- ., ' Al . . - . .
. . o T There were' 89 pladts on.the other side of the nver,
Lot 8 “ Another seacow ate 7 of them, |
v ., How many plants were left? °
i » I3 . LY N - 89‘ - 7 ’ﬂ‘ 8_2 "o,
" LI c- o 3 H
P . h « ' o A - 3
“ . 82 4 ’ h [ .
\ - . . s e . .
o S L PR RN ’ N oo .
. " ; . + After this scacow ate the 7. plonts it ate 12 more, *
N © How many.plants did 1t cat>" - oo
P » o » s . 7 + I 2 |9 ° s
. e RERY W ' (S N
* - ’ A \ 3 - Y N
P « 7 . A S A >
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= oL Here the\combmmg and removmg of sets ‘of ten 111ustrate the
. . t addition and subtraction of multiples .of ten. - ;
R - X - . . . . !‘/
- i . ' P
- P MATERIALS . . . s I
|
— paper sets of ten . o . ,Z
’ Ct : : f
o — abacus _ ) - o [
, — Workshéet 83 ‘ I S
» :, ’ ’ ' )

" PAOCEDUWRE - 7. -
7 A Have sets'of 3 tens and 2 tens placed on the board, Have
L . .~ someone join them and write the following sentences:.. .

. . + . Y . A . ,
- 3 tens and 2 .tens are -5 tens : . ~
. [ . - , . < .
/ - 30 + 20 = "50
K N L . o i N -
- Sketch a number, line similar to ‘this: s
: ‘ & —t : z LSRN
0 10 . . :
Have the childfen pléce more numerals on’the line. (You may
. 'need to review counting by tens.) Have someone mark arrows
. on the line to’ show 30 + 20 = 50, T §
/-_—‘;-\N T
¢ Pt l/’j——ml PSR | I 1 ~
\ SN LG LI I ¥ — 1 1 7
g : ) 0 10 20 30 40 ,50 A o
S o, Repeat this procedure with & difference, such as_60 - 30 ,
A4 * v - N . s
AT -and a missing addend problem, such as 50 + = 80 .
Sl o K © B, Have a ch11d show the sum 50+ 40 ‘on the abacus. Then
T Tl oL have 90 - 40 shown, . . T
e ‘ﬁx’f " ‘ . . N i
- " ey 99'» . . i > a
. i
[ 3 ’ « - . .
- ¥ . r ) * ’ - -
3 AR ° ) ¢ ! \/\,-—./v . : )
. o 3’ . . " . \\ R
a * . . 1}
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C. Pfovide-eralpractice with com‘biénfatic;ns of multiples of tehs.y
- 4 _—~Fach child may usean abacus, & number line marked at the
. [0's, or'sets of ten as aids if:he neéds them. . & = =

‘
. D. Have,the children complete Worksheet 83. If a child has.
L . difficulty understangmg or completing the worksheet he
A % f*hould have more practice beore going on. ' .
. N % ) ="
- - - ~» - \‘
. 1S -~ » »~ N - # no
] " . - ! [ R ' ~
» - R m - -
* . n . o .
¥ N - . * .
» Yo 1 . [
» N . :. PR ) v . .. / . . N .
- .o . - |- Worksheet 83 - < . . e
- . Unit 13 ~ -Name : ,.
. . - R * . N < R A . »
* . : N L3
. ? - % - . e, . o 3 Y
F . 7 “s0o+ 2 =70 ", 0*+ 50 = 50 .. | STy
. ‘ "'x" - . ?‘ b‘ . . *
: 60 + 30 =90 ¥20 +770 = 90 . .
; . . L N T ok - e
T . 40 % 10.=50 ., 30 + 30 = B0 - -
. . ” ﬁ. O ———
. -
. @ R ¥ ‘
Tl e s
: . . " ' 30 10 20 30 40. 50 60 70 80 , 90 . .
- .’;‘. * - - - - -
& 50 30 *+ 80
s 440 "x20 10 - -7
. 90 . 50 . 90 . .
9 N * -
- « p"“ﬂ ¢ . 7 ¢ i
' £ .60 . 50 20 Y~ . .
&
T 410 | wt O + 60 ..
) .70 50 - 80 .
, .
Ei &y al —&‘ . 1 1 1 3 1 \
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© 10° 20 30 -40 Sb 60 70 80.- 90 u
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.t M o,
. PXd
P . - o &
1 v -
) . ! 1-29 ) . *
4 y .
[ X 4 R 3
- 4 h
-
’ & .
\) ‘ :‘ > v - N R «
+ERIC . ‘
-\, . . R TS SN —




Lesson 37: MONEY PROBLEMS

-~

In this lesson problems involving dimes and pénnies are con- )
mdered These provide practice’ with the decimal® system of
numeration; in addlng or subtraqting a two-digit and. a one-“&
diglt»number and in addlng or subtracting multiples of ten.

MATERIALS . :

LI - T
\ e

- play pénnies gnd dimes (optional)
= Worksheets 84 and 85

:
-

PROCEDURE

Reéad and flnd ansWers to the problems on Worksheets 84 and
85 as a group. Expla‘m that | dime is worth 10 cents and
. that. | penny is the same as _|  cent, . - .

. 4

" Rlay money may be used to help ‘those who have trouble w1th
% the problems,
— TR -

i

2 [

T

« Worksheet 84 Worksheet 85

Umt 13 . Name - Umt 13 Name

=~

Jane had 5 dimes. ) .
Motpet gave her, 2:‘more dimes. ‘Sally had 3 dimes and 2 pennies.
How many cents did she have? Dick gave her 5 pennies.
50 + 20 £ 90 . : . ' She wants a book that costs 35 cents.
\ . | Does she have enough money now to buy it? (Yes)

30+ 2
R . . )
Dick haig *7 dlmes S » + .5 _-cor® + 5

He last ¥ dime, . . 30+ 7 37.

- Hoghmany cents did he have left? Mary has 4 dimes and 9 pennies.

70 - =60 She buys gum for 5 cents.
How much money does she have left?

o - 40+ 9 49

&mm qave 3 dimes to Bill and 5 dimes to Tom. i _§__ or ‘=95
How niany cents did he give away? | 40+ 4 ~ 44

"% 30+ 50.=80 Mike has. 50 cents.
) g .He'earns 4 dimes,
R ' Now how many cents does he have?

John had 5 dimes. ) . 50
His father gave him- 2 dimes and 6 pennies £40 40_
How many cents.did he have then? R 290
L 50 50 : . Tony spent 32 cents. ) -
+ 20 + 6 or + 26 How many dimes and pennies did he spend?

70+ 6 76 ' 3 .dimes and 2 pennies
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"/ Tesson 38: ADDING AND SUBTRACTING TWO DIGIT NUMBERS

C © . : L ey :
7 . Two~digit numbers are added and subtracted in tFns lesson. N
, The numkers are so chosen that no rendming &t ‘ones to tens
j .or tens to ones 1s required. o ] ™

/ -
& , N ."—

. MATERIALS. e e e -
» . s . . o, ’ 5 ’: .
* — paper sets of one and sets. of ted . , .

o = abacis. © o U7 Lo ' .

R * — Worksheets 86 ¢: d 87 oot
~ . . . . R & . . ,.:
. PROCEDURE' \ o . . Sy
P A. Use the paper sets to/demon'strate thé"follo‘wing sum and as -
' many others as youAvish. After-an example “has been*shown ;
AR " on the board, it should also be shown on an. abacus.

/ - "+ 2 tens and 3 orf'es .3 fens and 4 ones
N . ) OTER " s
/ . . , “"1‘ RN w _/T .,
i ' :

20 +:3 = 2} ¢ 230 + 4 -.=7.34

HEBY . -HHEE -
/Mo . g
| O O

) .; [/ Al - o

E L A - - . .;: ) - - . )“
| - V ‘.% T ‘." v

| . . SR ut i ?

'3 S ; (2 tens + 3 tens) &nd ( 3¥ones "+, 4 ones)

ll} ) : =(2+3)tensand(3 4)ones« )
¥ _ = § tens and 7 -ones ‘

; 2 - . 2, he

) : . ' . 2 A s

. =50 1+3 7 : g
| | = 57 Love g .

Co . . s
. - N
+ . L . &




. - » A3
. s o - -
© - o R \ . ’ P N - 3
£ ;\ 7 ! 4
- .
N oo ’ X .
.-‘t - - . - . {Q » .
. . : P",‘;L ~ . ’
o ) P . . . b
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e - B » The followmg 111ustratlon demonstrates subtraction: .
..'::”‘ .al’ .- = . * wl' o
t N - » « RIS - \H"» r’--'-'— ’Fu - ——/ 5 : > -~
¥ - N I N | SNl T ,:'/ ’—S?QL i v o
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"- ] ) . N | = Pl \,":: - \~~ ,l .
< X 2" P . . ——_-\....'_.._.,_.._.'_._.;..\( “
b}_éu “ % . o . ,\.:“ JOR ~ L
. \ - « 1
oL .~ Sfarting set contalns '
. e 4 tens and’ 5 ones or 40 + 5 = 45
, _" ‘.‘. . . » oy . 0oL X . T~y
B . - ~Removed set conta1ns } . L '
% T s . X '
B Lol X . 1 . . - h M
: S ©*, 2 tens and 3.Nones or 20 +.37 0= 23 2o
e R LT ,." q\"«' . T n -
Remammg set contalns -7 i

'(40 )
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Lty . 3 .
A AR . 2 + |
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: RPN : 50 + 7
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(4 - 2) tens and (5 - 3) ones;
RN 3) -

~
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C Have the ofgss suggest aiway toadd 36 and 2.1 usmg

R neither the number line nor sets with 36 andmzl members

- dyide thém to the idea of renaming 36:5and .21 as 30+ 6
_and 20 % 1 . Thenthe dnes and tens can be»addedseparately

R and eombmed “A ~on\(en1ent form to record ‘thi

process is:

renthe‘"es around ‘the number to: show that hoth'parts are
elngﬁsubt ‘ctedt Por,example for 36 =24 ,One can write: -

/N

2 tens and 2 ones .
":,20 &

22
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Worksheet 86

e

+

" Africa they counted the storks they saw,

,Worksheet 87

Unit 13 *.Name '

Do you rememoer Jomo and Tanana? On their t& in
2

The~first week Jomo saw 23 storks., -
The second week’]omo saw 22  storks. .

In the two weeks he saw 45

‘storks.

T

Unit 13 Name*__" :

Find the sums and differences. . Use the number hne.
i you need it. . g ® :
» 30 4 5 .. 35 80 + 77 & 7
gk 10 42 12 +20 + | + 21
740+ 7+ 47 80+ 8 88
.--,1‘. L ea ¢ .

o7 .80 4777 g7 S0 + 5 55
o Q0.+ 2 | x22 +40 420 42
4 6065 ‘65 90'+7 ' 97,
607+ 3 63 50+ 2.  s2
| =0+ B s 30+ 0 30
- 2042 7 22 80+ 2 82
TR
S e SR 60 + 1 61
+ 10 ¢+ 3. - + 12 -{20 + 1 = 21
80+ 4 84 40+ 0 40
x ‘\ _a ) .r-
€ R . O s N " —
S0 12 3 4 5 6.7 8 3
| ‘
: .
v . A ) %
. R N .
- “ ) ’ N .
. %
L] : . . -
€ o "
e 2
. -
] t

The fitst week Tanana saw

20

The second week Tanana saw . 14

In the two weeks she saw
t

.

How many more storks did Jomo see? ‘

34

storks. N
storks.

storks.
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